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PREFACE. 



^5 



'O 



This volume contains the proceedings of the Annual General 
Meeting of tho Iron and Steel Institute, held in London on 
May 1912, together with the papers presented for reading 
and discussion at the meeting. The remainder of the volume 
consists, as usual, of Obituary Notices relating to deceased 
members, the Library Reports, and Notes on the Progress of 
the Home and Foreign Industries during the first half of 
1912, with a Bibliography of works on Mining and Metal¬ 
lurgy published during that period. 

28 Victoria Strict, Losdos, 

July 31, 1912. 
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IRON AND STEEL INSTITUTE. 


SECTION L 

MINUTES OF PROCEEDINGS. 


ANNUAL GENERAL MEETING. 


The Annual General Meeting of tho Iron and Steel 
Institute was held at tho Institution of Civil Engineers, 
Great George Street, Westminster, on Thursday ami Friday, 
May 9 and 10. 1912 —His Grace the Duke ok Devonshire. 
President, .in the chair. 

Tho Minutes of the previous Meeting, held at the Institution 
of Civil Engineers, on October 5, 1911, were taken as read, 
and signed by the President as a correct record. 

Mr P. B. Brown (Eltham), Mr. S. S. Somers (Halesowen), 
and Mr. W. A. WaLBER (London) were appointed scrutineers 
of the ballot for the election of Members of Council, and on 
the completion of their scrutiny thoy reported that no other 
candidates for election as Vice-Presidents having been nomi¬ 
nated. Mr. William Evans. Mr. J. E. Stead, F.R.S., and Mr. 
George Ainsworth, tho retiring Vice-Presidents, hail been 
duly re-olccted. They further reported that the result of tho 
election to till the tivo vacancies on the Council due to the 
retirement of members in rotation was as follows:— 


William H. Ellis 
William H. Hewlett . 
(ill A lll.ES P. K. Schhkidbb 
J ons H. Darby . 
Charles J. Baglky 
John O. Arnold, D.Met. 
Thomas Turner, M.Sc. 


Votiw. 

418 

437 

409 

397 

386 

197 

167 


1912.—L 


A 
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ELECTION OK MEMBERS. 


Mr. Ellis, Mr. Hewlett, Mr. Schneider, Mr. Darby, and Mr. 
Bagley, the retiring members of Council, wore accordingly 
declared duly re-elected. 

Mr. William Cross (London) and Mr. J. Ethkrixgtox 
(London) were appointed scrutineers of the ballot for the 
election of new members, and reported that the following 
fifty-two candidates bad been duly elected:— 


Nlml 


Abbott, Robert 
Kowell, it.Sc. 

Allen, Henry Butler. 

Barker, .tames . . . 


Bennett, EUU H. . . 
Birley. Samuel . . . 

Blank, Otto. . . . 
Caplen, Tom . . . 


Clasen, Bernard . . 


Coe, Henry I tot, 

M.Sc. 

Davey, El want . . 


Danes, Stanley Rich- 
ard, A Kano. li.S. M 
Dawkins. Crowell T. 


Dickenson, Ernest 
Lawrence 

Drntnmond, Thos. ,1. 


Elliot, Thomas Gif¬ 
ford 

Falk. Gordon Sands, 
B.Sc. 


Auubsm. 


The Peerless Motor Car 
Company, Cleveland, 
Ohio. U.S.A. 

641 Washington Street, 
New YorkCity ,U.S. A. 

Victoria Iron Works, 
Todmordeu, Ltuica- 
shire 

SB Mosley Street, Man¬ 
chester 

140 Mayor Street, Bol¬ 
ton. Lancashire 

Duisburg, Germany, . 

Chipnrupalle P.O., VU- 
agapatam District, 
India 

Norfolk House, Laur 
ence I’ountnev Hill, 
London, K.C. 

Municipal Technical 
School. Birmingham 

Mrisrt. John Lvsaght. 
Ltd., St. Vincent’s 
Iron Works, Bristol 

Taiiyroilt, Fon tarda we. 
G laruorgiuudi ire 

Lake Su|>crior Iron & 
Chemical Company, 
Ashland, Wisconsin. 
U.S.A. 

Messrs. Sanderson Bros. 
A: Newbould, Darnoll. 
Sheffield 

The Lake Superior Cor¬ 
poration, Montreal, 
Canada 

Itosiin Crescent, Hathcr- 
*age. via Sheffield 

W1 Jefferson Street, 
Milwaukee, Wiscon 
sin, C.S.A. 


rmiMaiia. 


H. A. Baxter, n. M. Lane, 
H. W. Ln--.li 

W. Campbell. H.M.Howe, 
B. Stoughton. 

C, E. Siddall. E. Pearce, 
F. Hardwick. 

J. W.Thompson, F. Hard¬ 
wick. F. T. Boll in. 

J.< (.Arnold. A. Me William, 
E. F. Unge. 

A. Cooper, P. N. Ounning- 
hani, D. Hunter. 

H. G. Turner, E. F. Law, 
J. Angus. 


J.P. Rod son, J. H. Harrison, 
J. Rider, Jun. 

T. Turner, O. F. Hudson, 
F. C. A. H. Lantaberry. 
A. Cooper, F. W. Cooper, 
J. E. Stead. 

W. Gnwland, W. D. John¬ 
son, W. H. MerretL 
J. Aston, J. E. Johnson. 
Jun., W. Wilkin*. 


J.O. Arnold. T. W Willis, 
J. H. 8 Dickenson. 

Arthur Cooper, Sir Hugh 
Bell.Bart.,G. Ainsworth. 

Sir R A. Hadfiehl. I. B 
Milue, Kmest Ott. 

A,Simonson, James Anton, 
R Stongliton. 
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K«il 

Feorachough, 

William 

Fox, Edmund John, 
M. I.Mecli.E., 
M.I.E.E. 

Francq, Alfred. . . 

Humbly, Percy Noel, 
Assoc. M. I.Mech.E, 


Hickman, W. Christie 

Hill, Cyril FroncL, 
M.I.M.M. 

Hill, Henry George . 


Hughes, Ralph T. 


Izat, Andrew . . . 

Jenkins, Ivor O. . . 

Kay set, Charles 
William 

Kenrick, John 
Fainter, Absoc.M. i 
Inst. C.E..M.1.M.K. 
Kiefer, Herman Gny 


Kit.son. Henry Her¬ 
bert 

l.cster, Walter. . , 


Mainprire, Max 
Key ner 

Mitchell. George 
William 

Moon, George C. . . 


Nordonfelt. Captain 
Ake Hjaliuar 
Olsson. Ivar. . . . 

Ortmann. liudnlph . 


Parker, James Heber 


HI# Clorkchoasc Road, 
Sheffield 

Winchester House, Old 
Broad Street, London 

E.C. 

1 >»3 Rue Froissart, 

Brussels. Belgium 

The Coppee Company 
(Great Britain), Ltd., 
King's House, Kings- 
way, London. W.C. 

Hawthorudi'ii, Sedglev, 
near Dudley 

308 West Kerry Road. 
Millwall, London, E. 

Messrs. John Lysaght, 
Ltd.,St. Vincent's Iron 
Works, Bristol 
I 2 Exchange Flaw, Mill 
dleshrough 

Kauiptee, Ceutml Fro 
vinces. India 

tjwynfa, Fenrwern, 
jfcatii 

Kndclille Grange, Shef¬ 
field 

Fekin Syndicate, Ltd., 
Honan. China 

I The Timken Rollei 
Bearing Co., Canton, 
Ohio. U.S.A. 

Monk Bridge Ironworks, 
Leeds 

87 Sumner Street, 
Southwark, Loudon, 

S.E. 

Messrs. Brown Bayley's 
Steel Works, Lt«l., 
Sheffield 

2 High field Terra re, 
Doncaatcr 

217 North Avenue 
(East),Cranford, New 
Jersey, U.S.A. 

Hoganibs Sweden . . 

Falun, Sweden . . 

McCormick Building, 
Chicago, Illinois, 
U.S.A. 

The Car)ienter Steel 
Compmiiv. Kearling, 
Fa., D.8 A. 


PsoisMtSe. 

Henry Stones, E. Dickin¬ 
son, G. E. Senior. 

B. A. Holland, A. Lamber 
ton, F. N. Cunningham. 

Henry Louis, Fred Mills. 

J. O. Arnold. 

W. Evans, D. E. Roberts, 

E. Crowe. 


W. H utchinson, W. Moore, 
A. Fool. 

A.Lamhertori.J.A^Hamp- 
tou, II. Silvester. 

A. Cooi>er, F. W. Cooper, 
J. E. Stead. 

A. Dorman, W. Hnwdou. 

A. 1L Gridley. Francis 
Sainuelson. 

n. G. Turuer, E. F. Law, 
J. Angus. 

F. L..ngmuir, T. Swindeu, 

I. Bagnall. 

Ik W. Winder, J.O. Arnold, 

G. E. Senior. 

H. F. King, J. R Hoyle. 

F. Beat. 

E D. Campbell, J. A 
Mathews, Nl.T.Lothro[s 

Sir Hugh Bell, Bart., M. 
Mannaberg, Illtyd Wil¬ 
liams. 

Wilson Cross, 8. Whit 
more, W. R. Lewi*. 

II. Armitage, W.J. Armi 
tage, W. K. Ellison. 

C. E. Siddall, E. Fearer, 

J. W. Thompson. 

W.Campbell, 11.M. Howe. 

B. Stoughton. 

T. Nanlenfelt. G. G. S. 
Grundy, C. Svedf*>rg. 

E. J. Ljungberg, A. G. 
Litingin'rg, E. Klintin. 

U. Woodward, A.E.Wells. 
F. A. Warlow. 

G. W.Sargent,S. Rad lam. 
J. A. Mathews. 
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Name. 


I’uton. James, RSc,. 
Petti grew,Jokn,F.LC. 
Pletsch, Louis ■ • . 


Pappe, Joluui, Dr. 

lug. 

Kotrertson, Walter 
Henry Antonio, 
Assoc. M.I.Mech.E. 
Koseuhusch, Gilbert, 
Assoc. M.Inst.C. E. 

Scott, Harry Charles 
Darid « 

Smart,Bert ram Jatues, 
B-So. 

Smith. .1 artiefi C ruick- 
shank, B.Se., K.C.S. 
Snyder, Robert J. 


Thriven, Hans Ednard 

Tiemann.Htigh Philip, 
RSc. A M. 

Turton, Frank . . 

Williams, Frederick 
George 


AOuacaa. 


6 Munro Road, Jordon- 
liill, Glasgow 

7 Victoria Street.West¬ 
minster, London.S.W. 

SociotJ Basse do Fabri¬ 
cation deTnhea.Nijni- 
Dnieprovsk, Ekater- 
iuoslav, Russia 

1C o n i g I. Tcchnische 
llockschule, Brcalan, 
Germany 

I.ynton Works, Bedford 


Queen Anne'sCham bers, 
Westminster,London, 
S.W. 

Arrandnlc, Croft's Batik 
Road, Urals ton, near 
Manchester 

Government Testing 
Office, L i t h g o w, 
X.S.W., Australia 

King's House, King 
Street, London, EX’. 

43 East PntminiAvenue, 
Greenwich, Connecti- 
ent, U.8.A. 

34 Elisabethstraasc, 
Munich. Bavaria. 

Carnegie Steel Company, 
Pittsburg, Pa., U.8.A. 

31 ('nllegiate Crescent, 
Sheffield 

Steel Works Manager, 
Gun A Shell Factory, 
Cossipore, India 


PsoniuKa. 


E. J. Duff, J. R Ross, 
T. H. Lander. 

W. F. Pettigrew, S. J. 

Robinson, J. F. Melting. 
A. C. Lyon, G. Hatton, 
G. Lewis. 


E. Schrodter. F. Spring- 
orum, G. Gtllhauacn. 


P. W. Lee, A. S. Lee, J. 
11. Dewhurst. 

William Evan-*, John 
Evans, David Lewis. 

J. W Thompson, F.Hanl- 
wick. F. T. Rollin. 

H. Moore, G. Mellanil. F. 
Rogers. 

F. W. Harburd. Sir R A. 

Hadiicld.G. Ainsworth 
J. A- Mathews, M. T. 
Lothrop, J. n. Nead. 

R. D. Wood, T.Westgartb. 
A. Greiner. 

J. S. L'nger, H. M. Howe, 
R Stoughton. 

8. E. Skelton. M.Ward low, 
R. G. Woodward. 

B. W. Winder, J. K. Jonas. 
L. Dufty. 


The following Report of the Council upon the proceedings 
of the Inst itute during the year 1911 was read in abstract by 
the Secretary:— 
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REPORT OF COUNCIL. 

At this, the forty-third Annual General Meeting of tho Iron and 
Steel Institute, the Council havo tho pleasure of submitting to the 
members their Annual Report, and are glad to note that during the 
year 1911 the progress of the Institute Ims continued to be satisfactory. 

Coronation or tueiu Majesties Kino Geoiior V. 
and Queen Mart. 

The King, who for many years had, ns Prince of Wales, honoured 
the Iron and Steel Institute with his support in tho capacity of 
Honorary Member, nud on his accession to the Throne became Patron 
of the Institute, was graciously pleased to receive and to express 
thanks for an illuminated address of congratulation on the occasion 
of their Majesties’ Coronation. 

Rou. or the Institute. 

During the year 1911, 102 new members were elected, and the 
total membership of the Institute on December 31, 1911, was:— 


Patron ....... 1 

Honorary Members ..... 7 

Life Members .... . . 80 

Ordinary Members ..... 2065 

Total . 2133 


The growth of the Institute during the past forty years is shown 
by the following table: — 



1871- 

1881 

1881. 

1901. 

1811. 

Patron . 





1 

1 

Honorary Members. 

. 

... 

7 

5 

9 

7 

Life Members. 


... 

..a 


1H 

60 

Ordinary Members . 

> 

513 

Hew 

1535 

1630 

2066 

Totals. 

• 

513 

1105 

1510 

1648 

31X1 
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REPORT OP COUNCIL. 


The Council dcsiro to offer their congratulations* to n number of 
member* who have bad high distinctions conferred upon them. Sir 
William T. Lewis, Bart., K.C.V.O., Vice-President, has been created 
u Peer of the United Kingdom, and has assumed the title of Lord 
Merthyr of Senghenydd. Mr. A. B. Markham, M.P., has been 
created u Baronet. The Grand Cross of the Victorian Order has 
boon bestowed on His Excellency Admiral Arvid Liudman. Pro¬ 
fessor J. A. Ewing, F.R.S., and Mr. H. F. Donaldson, C.B., have 
boon created Knights Commanders of the Bath, and the honour of 
Knighthood has been conferred upon Colonel C. J. Stoddart. Colonel 
H. Hughes has been made a Companion of the Order of the Bath, 
and has also been appointed Technical Adviser to tho British Dele¬ 
gates to the Intel national Industrial Property Convention at Wash¬ 
ington, U.S.A. Mr. T. F. Butler has received front the Emperor 
of Jn(ian the Third Class of the imperial Order of the Marred 
Treasure. The honorary degree of Doctor of Metallurgy has been 
bestowed by the University of Sheffield upon Sir Robert Had field, 
F.R.S., Past-President, and that of Master of Metallurgy on Mr. B. 
W. Winder. Sir Robert Hadfield bos also been elected a Foreign 
Member of the Royal Swedish Academy of Science, Stockholm. Mr. A. 
Balfour has been elected Master of the Cutlers' Company of Sheffield. 
Sir 0. B. liiugley, Bart., has been appointed Deputy-Lieutenant of 
the Comity of Worcester. Sir Hugh Bell, Bart., Sir Robert Hadfield, 
F.U.8., Mr. G. Ainsworth, Mr. G. II. Clnughton. Mr. F. W. Gihhins, 
and Mr. Alexander Siemens have been appointed representatives of 
employers on tho now Industrial Council of the Board of Trade. 
Colonel Leandro Cubillo of Trubiu, Spain, 1ms been promoted to 
General in Command of the Seventh District of Artillery at Valladolid. 
Professor A. McWilliam, A.R.S.M., D.MeL, has l»een appointed Metal¬ 
lurgical and Analytical Inspector of Steel in India. Professor W. A. 
Bone, D.Sc., Ph.D., F. U.S., has lieen appointed Professor of the newly 
instituted Chair of Fuel and Refractory Materials at the Imperial 
College of Science anil Technology. Mr. Isaac Lester has been 
elected President of the Staffordshire Iron and Steel Institute, Mr. 
Walter Dixon has been elected President of the West of Scotland 
Iron and Steel Institute, Professor J. 0. Arnold, D.Met., has been 
re-elected President of the Sheffield Electro-Metallurgical Society, 
and Mr. Percy Longmuir has been re-elected President of the British 
Foundrymeu’s Association. 

During the year 1911 the Institute has sustained heavy losses 
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through the death of several well-known mom hern, including Lord 
Airedale, Pust-President; Huron Fernand d'Huart, Honorary Vice- 
President j General Salvador Ordoflex; and Mr. T. Hurry I tidies, 
Fast-President of the Institution of Mechanical Engineers, beside* 
others who luive rendereil valuable service to the Institute. The list 
comprises the following thirty-two names:— 


Lord Airedale of Gledhow, Past-President . 
Baron Fernand d’Huart, Hou. Vice-President 
Sir John Ainl, Bart. ..... 
Barber, John Henry (Sheffield) 

Bmby, Fred. (Teddington) . 

Bright, William (Gowerton) 

Brooks, J. 0. (Philadelphia) 

Crossley, Sir William J., Burt. (Manchester) 
Davey, George H. (Buglan, Ghim.) 

Dering, George Edward (Welwyn) 

Fullerton, Alexander (Paisley) 

Gray, Leason (Wakefield) 

Grcig, Douglas W. (Modderfontein) 

Howson, llichard (Middlesbrough) 

Jones, Jam os (Sheffield) .... 
Knckum, Fninr. H. (Mahno, Sweden) . 
Longbotham, Jonathan (Sheffield) 

Mair, George John (Helensburgh) 

Morgan, Charles H. (Worcester, U.8.A.) 
Ordoflex, General Salvador Diar. (Gortugena) 
Pope, Siunuel (Pontypridd) .... 
Riches, Tom Hurry (Cardiff) 

Smith, C. Westou (Bii-miogham) 

Swnu, H. A. (Middlesbrough) 

Teunent, John (Bothwell) . 

Theisen, Eduard (Munich) 

Thompson, William (London) 

Thomson, John (Eston) 

Vaughan, Cedric (Millom) . 

Wake, U. H. (Sunderland) . 

Webster, Cyril Grey (London) . 


. March 1C. 

September 13. 
. January 6. 

. October 2. 

. October 9. 

. August 14. 

. July 18. 

. (>ctober 12. 

. September 8. 

. January 8. 

May 30. 

. March 30. 

. August 2. 

. March. 

, February 18. 

. November 21. 
. February. 

. January 10. 

. October 14. 

. January 25. 

. September 24. 
. May 14. 

. December 13. 

. August 20. 

. April 3. 

. May 27. 

. August 29. 

. February 18. 

. February 17. 
Februury 19. 


The death of Arnriah Griffiths (Falkirk) occurred on May 19, 1910, 
but was not noted in the Council Report for that year. 
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James Kitsoii, Baron Airedale of Gledhow, who at the time of his 
death was Senior Past-Presideut of the Institute, was nutde a member 
of the Privy Council in 1906, and in 1907 was raised to the peerage, 
lie was an Original Member of the Institute, was elected a Member 
of Council in 1878, became Vice-President in 1879, and was President 
from 1889 to 1891. For his many services to metallurgy ho was 
awarded the Bessemer Gold Medal in 1902. Baron Fernand d’lluart 
was the founder of the great steelworks at Lungwy, uud woe also a 
director of numerous other important French ironworks. He became 
a member of the Institute in 1880, aud was among the first Honorary 
Vice-Presidents elected under the new bye-laws in 1909. Mr. Hurry 
Riches was elected a member in 1898, having on the occasion of the 
visit of the Institute to CardilT in 1897 acted as Honorary Secretary 
to the Receptiou Committee. He was a Past-President of the In¬ 
stitution of Mechanical Kngineera and of the Houth Wales Institute 
of Eugineers, and was a Governor of the Imperial College of Science 
and Technology. Sir John Ainl, Bart., the well-known contractor for 
the Assouan l»am, had been a member of the Institute since 1887, 
aud in 1908 be served on the General Recoptiou Committee formed 
to receive the members of the American Institute of Mining Engineers 
on their visit to this country. General Salvador I >iaz Ordonez was n 
distinguished artillery officer of the S|>anish army. He commanded 
the division of the S[ianish army which occupied Mel ilia during the 
disturbances in Morocco Last year, and on October 14 was fatally 
wounded in a skirmish near that town. It will l>e renicwl>rred that 
he attended the Autumn Meeting of the Institute held at Buxton in 
1910. Particulars of the careers of these uud other mem Iters deceased 
will be found in the obituary notices published in the Journal of the 
institute. 

In consequence of the non-payment of subscriptions, the names of 
thirty-eight members have been removed from the list, and there 
have been forty-three resignations of membership. 

Finance. 

The statement of accounts for the year 1911, verified by the Auditors, 
is now submitted by the Honomry Treasurer. It will lie observed 
that the income for the year amounted to £6398, and the expenditure 
to £6625. The excess of expenditure over income is due to certain 
liabilities incurred on behalf of the memlters who intended to take 
part in the proposed Autumn Meeting in Italy. On the abandonment 
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of the Meeting the Council decided tlmt the whole of these liabilities 
should be defrayed by the Institute. The corresponding figures of 
the receipts and expenditure in recent years are as follows:— 


i you, 

1907 

1908 

1909 

1910 


Receipts. 

Expenditure. 

£ 

». 

d. 

£ 

a 

d. 

6610 

4 

3 

5915 

11 

8 

6454 

16 

3 

5535 

8 

5 

6367 

12 

9 

6011 

15 

5 

6356 

10 

0 

5451 

16 

9 

6428 

4 

5 

5811 

18 

9 


Mkktixgh. 

I luring the your under review two meetings wore held us usuul. 
The Annual Meeting ou May II and 12 and the Autumn Meeting 
on October 5 were held at the Institution of Civil Engineers in 
London, and the Council gratefully acknowledge Urn coustaut courtesy 
of that laxly in granting the use of their rooms. 

It was originally intended that the Autumn Meeting should take 
place in Italy in 1911, an invitation to hold a meeting in that country 
having Wen received at the Annual Meeting of 1910. Extensive 
preparations were made by the President and Council of the Associ- 
naone fra gli Industrial! Metallurgies Italiani, the prospective hosts 
of the Institute, in co-operation with other prominent personages in 
Italy, mid under the illustrious patronage of His Majesty King \ ieftor 
Emmanuel 111. Most unfortunately, many of those who had origin¬ 
ally intimated their inteution to take |>art in the Meeting were 
compelled, for various reasons, to withdraw their names, and the 
number diminished so considerably that the Council felt that the 
representation of the Institute would be inoouunensumte with the 
scale on which the preparations for its reception had been made, and 
that, to their great regret, they had no option left them but to 
alxtndon the idea of holding the meeting in Italy. The arrangements 
for the visit had been kindly undertaken by Mr. (». E. hoick, Presi¬ 
dent of the Italian Association, assisted by a strong Executive Com¬ 
mittee of some of its leading members. Local Reception Committees 
had also been formed in each of the cities and towns which were 
to have l*ou visited. Under the direction of Mr. Fulck these 
Committees spared no effort to ensure the success of an extensive 
and attractive programme, and it was undoubtedly a source of 
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ilet'p disappointment to them that ultimately the meeting did not 
take place. Details as to the constitution of the Reception Com¬ 
mittee', and a hricf description of some of the arrangements made, 
together with a reference to the handsome souvenir volume relating 
to the metallurgical industrial of Italy, prepared for distribution on 
the occasion of the visit, have been embodied in the Journal. As a 
slight mark of appreciation of the generous services rendered by Mr. 
Falck, and by Mr. Cosafbdre and Dr. Gnddi, secretaries of the Associa¬ 
tion, the Council of the Iron and Steel Institute have since presented 
each of these gentlemen with a piece of silver plate suitably inscribed. 

The Annual I tinner of the members of the Institute was held at 
the Connaught Rooms, (treat Queen Street, on the evening of Thurs¬ 
day, May 11, the chair being occupied by the President. The 
principal speakers were Sir Hugh Hell, Bart., Past-President; the 
Most Honourable the Marquess of Bristol, M.V.O. ; Major B. F. S. 
Baden-Powtdl; Mr. Arthur Cooper, Vice-President; the Right Hon. 
Lurd Allerton, F.R.S.; Mr. J. S. llanuood Banner, M.P.; Sir H. 
Llewellyn Smith, K.C.B., and Hi> Grace the Duke of Devonshire, 
President. 

Twenty-six papers were contributed to the Institute’s Proceedings 
during the year, together with a series of six memoirs on the iron ore 
resources of Italy, and are printed in the Journal, together with the 
discussions and correspondence thereon. The titles of these papers 
are os fallows :— 

1. '• On Temperature InHurucctanCarbonanil Pig Iron." By K. Adamson (Sheffield). 

2. "On the Mechanical Influence of C'arlwo on Alloys of Iron and Manganese." 

By J. O. AknoUJ (Sheffield) and K. K. Kisowija (Sheffield), 

3. "On the Chemical and Mechanical Relations of lion. Chromium, and Carbon." 

By J. O. Aknoi.o |Sheffield) and A. A. Read (Cardiff). 

4. " On Autogenous Welding of Metals." By K. Caknevali (Turin). 

6. "On the Growth of t.'ait Irons after Repeated Heatings." By H. C. H. C'AK- 
PENTKE (Manchester). 

6. “On the Application of Electricity In the Metallurgical Industry of Italy." By 
K. CAT A XI (Rome). 

7 “On the Influence of Impurities on site Corrosion of Iron." By J. W. Cobb 
(E arn ley). 

B. “On the Magnetic Properties of some Nickel Steels, with some Notes on the 
Structures of Meteoric Iron." By E. CoLVEM-GhAUEItT (Berlia-CharloUen- 
burg) and S. HiU-tur iBerlin-Gruncwald). 

u. "On a Process for the Desiccation of Air by Calcium Chloride." By H. A. 
DAUBMif. (AubornS) and E. V. Ror (Auboud). 

10. “On the Present State of the Iron Industry in Italy." By L. DoMPit (Milan) and 

F. S. Pucci (Miian). 

11. “ On the Volumetric Estimation of Sulphur in Iron and Steel" By T. Giffobu 

Ecuot (Sheffield). 
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12. "On the Origin of tin: Iron Orel of Swedish Lapland.” By 1_ U KtuMoS 

(Calcutta). 

13. "On the Action of Aqueous Solutions of Singicnm! Mixed Electrolytes upon Iron. 

By J. Newton Emend i Darlington) and J. H. Blown (Darlington). 

14. "On New Industrial J*roecs5cs for the Case-hardening of Steel.’ By h. GioLti il 

(Genoa). 

10. " On Case-hardening by Means of Compressed Gases." By F. GtoLITTi (Genoa) 
anil F. Cabnkvau (Turin). 

10. "On the Transformations of Steel within the Limits ol the Temperatures em¬ 
ployed in ilrat-trcatmeni." By L. OiFJtlf (Pans). 

17. "On Irun-Silicon-Carbon Alloys." By W. Goxtekman (Siegen). 

15. " On the Influence of Vanadium upon the Physical l‘ro|ioties of Cast Irons. By 

W. II. Hatmelu (Sheffield). 

19. "On the Organic Origin of the Sedimentary Ores of Iron and of their Metamor¬ 

phosed Forma: the Phosphoric Magnetites." By W. 11. IIekdSMAN 
(Glasgow). 

•JO. " Resear cites on the Nature of the phosphates contained in Basic Slag derived 
fro... the Thomas-Gilcbrist Process." By V. A. KlOU. (Lusemlmrg). 

21. "On some Studies of Welds," By K. F. Law (London), W. II. MerkeIT 

(L'KkIihi), and W. fhUAia DiuhY (IaJiuli.nl. 

22. " On the Corrosion of Metals." By P. Longui ik (.SheffieldI. 

23. "On some Properties of llcul-trealed Three per Cent. Nickel Steels." By 

A. McWllAIAIf (Stic(field) anil E. J. BARKER (Sheffield!. 

24. ” On the Influence of U'2 per Cent. Vanadium on Steels of varying Carbon Con¬ 

tent." By A. McWlUJAM iSheffield) and K. ). Barnes (Sheffield). 

20. "On Mcch.ttiic.ilLing Analysis as an Aid to Accuracy arid Speed for Commercial 

Purposes.” By C. H. RlDSDALE (Middleshrongh) and N. D. Riimdau: 
(Middlesbrough). 

26. " On the Welding up of Bin* holes anil Cavities in Steel lugots." By J. E. Stead 

| Middlesbrough). 

27. Reports on the Iron Ore Resources of Italy 

(a) "On the Production of Iron Ores m the BrcmLtmt Valley." By G. Calvi 
(B ergamo). 

(A) "On the Iron Mines of the Island of Eilat." By C. C.M-Att t (Florence). 

(■) " On the Iron Ore I >rposits of PiedmonL" By K. t ATARI iRuiuc). 

(if) "On the Iron Ore thqiasits of Central Italy. Bv A. I lAStfl (Florence!. 

(r) " On the Iron Ore Deposits of Southern Italy and Sicily. By G. La \ AtJ.s. 
(Rome). 

I/) " On the Iron Ore Deposits of Sardinia.' By L. TESTA (Igletuas). 


PUBLICATION!. 

The publications of the Institute during the past year hare ex¬ 
ceeded in balk those of any previous year since ita foundation. They 
comprise four cloth-bound volumes containing, together with the list 
of members, no less than 2660 pages of printed matter. Of these 
volumes, two belong to the ordinary series of the Journal and one to 
the Carnegie Research Memoirs, which contains the eight Carnegie 
Scholarship Reports submitted during the year under review. The 
remaining volume was a Decennial Subject and Name Index to the 
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publications of the Institute during 1901—1910. It contains 553 
pages, :tud comprises u classified list of all the papers presented to 
the Institute during the preceding decade, together with an historical 
note of the development and growth of the Institute. This Index, 
notwithstanding the labour it involved, was published within five 
months of the appearance of the last volume of the Journal for the 
period to which it refers. The volumes of the Journal contain, in 
addition to the papers read at the spring and autumn meetings, and 
the discussions and correspondence arising therefrom, a l is tracts and 
references to over 2000 articles and memoirs relating to the iron and 
steel industries published in the transaction* of kindred institu¬ 
tions and societies at home and abroad, and in the technical press of 
this country and of the principal foreign countries engaged in the 
industry. In the collection and compilation of these abstracts over 
.100 different periodicals have been systematically searched, and the 
information contained therein thus rendered accessible to the members 
of the Institute. Most of the original sources of information are 
tiled in the Institute Library, where members are abb* to avail them¬ 
selves at first hand of the information they contain. A list of these 
periodical* is published in the Journal of the Institute, which also 
contains reports of the various congresses held from time to time, 
a bibliography of works dealing with iron and steel which have 
appeared during the year, a list of the additions u> the Library, and 
obituary notices of deceased members of the Institute. 


Liuuauv and Omcfis. 

1 he attendance in the Institute Heading Itooui and Librurv during 
the year lui* been close on 800, and tho Council are gratified to feel 
that the facilities placed at the disposal of the memliers are becoming 
more generally appreciated in proportion as they are mure widely 
known. A number of works of reference have been presented, 
amongst which have been “Metallurgy: A Text-Book for Manufac¬ 
turers, Foremen, and Workers in the Metal Industries,’’ by A. 
Fenchel, translated by H. J. Morris, and presented by the publishers, 
Messrs. John Bale, Sous .fc Daniellssou; “The Corrosion of Iron and 
Steel,' by Dr. J. Newton Friend, presented by the author; “Trempe, 
Kscuit, Cementation, et conditions d'emploi des Aciers,” by Mr. L. 
firenct, presented by the publisher, Mr. 0. Beranger; “Die Metal¬ 
lurgy des \\ ulframs, by llaus Mennicke, presented by Messrs. 
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von Krayn; “Onr Hume Railways,” by W. J. Gordon, presented 
by the Seerotary; and “ Iron and Steel, their Production and Manu¬ 
facture," by Christopher Hood, presented by Messrs. Isaac Pitman 
and Sons, Limited. The acquisitions by purchase have included, 
amongst others, various Parliamentary {tapers and reports, the Pro¬ 
ceedings of the International Congress of Applied Chemistry, 1909; 
“The Basic-Open-hearth Steel Process," by Carl Dichmnnn; “A 
Pocket Encyclopedia of Iron and Steel," by Hugh P. Tiemann; and 
“ La Metallographie appliquce aux Produits Sid. rurgiques," by 
Umberto Savoia. Arrangements are in progress for rendering the 
works of reference in the Institute Library more readily available 
to members. 

Memlier* who have published works valuable for reference, or 
pamphlets on subjects relating to iron and steel, of which they could 
present copies, are reminded that such contributions to the Library 
are not only highly acceptable for permanent preservation, but are 
also useful for editorial purposes in connection with the Journal, and 
for compiling information in response to inquiries addressed by 
members and others to the offices of the Institute. 


Medals and Research Scholarships. 

The Bessemer Gold Medal for 1911 was awarded to Mr. Henry Le 
C'hatelier, Meuibre do l’lnstitut de France, in recognition of his 
eminent services in the advancement of the metallurgy of iron and 
steel. 

The Andrew Carnegie Gold Medal for 1910 was awarded to Mr. 
Felix Robin, Paris, for his investigations on the variation in the 
acoustic properties of steel with changes of temperature, and his 
report on the microscopical examination of the depression made on 
steel by a conical point. Applications were received early in the 
year from thirty-six candidates desirous of competing for the Carnegie 
Research Scholarships. The cosmopolitan nature of this competition 
mav be appreciated from the fact that seven applications were re¬ 
ceived from candidates living in the United Kingdom, five from 
Austria, three from France, thirteen from Germany, two from Italy, 
five from the United States, and one from South Africa. After 
careful consideration of their respective qualifications, four scholar¬ 
ships, each of the value of XI00, tenable for one year, were awarded, 
and two further grants of X50 were made to former recipients of 
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Scholarship* to enable them to continue useful research work. The 
names of the successful candidates and particulars of the award* 
have been published in Journal No. I fur 1911, and the usual notices 
containing the conilitions under which the Scholarships ore awarded, 
printed in eight languages, have been distributed in various countries. 
In order to guide prospective candidates in the selection of a subject 
for investigatiou, a list, of subjects relating to the metallurgy of iron 
and steel, which in the opinion of the Council it is advisable to 
recommend for investigation, has been drawn up ami circulated. 


APPtJlXTVKXT OF UEPttESKJfTATlVES. 

The President continues to represent the Institute on the General 
Committee of the lloyal Society for Administering the Government 
Grant for Scientific Investigations. At the request of the Council he 
also consented to represent the Institute on the Organising Committee 
of the Optical Convention, to be held in London in 1912, but owing 
to the many calls upon his time ho was unable to act as represen¬ 
tative of tho Institute on tho Board of the National Physical Labora¬ 
tory, and under those circumstances Mr. W. II. Ellis, in conjunction 
with Mr. J. M. Gledhill, was nominated by the President, and 
appointed by the Council to represent the Institute on that Hoard. 
Sir Hugh Bell, Bart., Past-President, has continued to act as repre¬ 
sentative on the Board of Governors of the Imperial College of 
Science and Technology. Mr. Arthur Cooper, Present-Elect, and 
Mr. Georgo Ainsworth, Vies President, have represented the Institute 
on the Engineering Stamlards Committee, aud Mr. William Beard- 
more, Vice-President, and Mr. George Ainsworth continue to serve 
as representatives of the Institute ou the Technical Committee of 
Lloyd's Register of British and Foreign Shipping. Mr. W H 
Bleckly, Honorary Treasurer, has been re-appointed to represent the 
Institute on the Court of the University of Liverpool. Sir Robert A 
Hudfiold, Pa-st-President, continues to serve in the same capacity on the 
Court of the University of Sheffield, and Lord Merthyr of Senghenydd 
Vice-President, continues to serve as representative of the ^nstituto 
on the Court of the Bristol University. Dr. J. K. Stead, F R S 
Vice President, has been appointed, conjointly with the Secretary 
to represent the Institute on the Committee appointed at the instance 
of the Society of Chemical Industry in connection with tho forth- 
coming Eighth International Congress of Applied Chemistry, at which 
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Sir Hugh Hell, Bart., and Sir Robert llod field have consented to net 
its representatives of the Institute. In response to mi invitation from 
the Swedish Society of Engineers and Architects, Mr. E. J. Ljung- 
berg, Honorary Vice-President, kindly consented to represent the 
Institute on the occasion of the celebration of the Jubilee of the 
Society at Stockholm, and to present an address of congratulation. 


Appointment of Honorary Vice-President. 

The Council lmve unanimously elected Mr. Giorgio E. Falck (Milan) 
as Honorary Vice-President of the Institute, under Bye-law 9(a). 


Election of Members of Council. 

The retiring Mem tiers of Council, whose names were announced at 
the lairt meeting, were : Vict PretuienU —Mr William Evans. Dr. J. E. 
Stead, F.H.S., and Sir John G. N. Allevne, Bart. Member* of Council 
Mr. W. H. Hewlett, Mr. C. P. E. Schneider, Mr. W. H. Ellis, Mr. C. J. 
Bagley, and Mr. J. II. Darby. Sir John Alleyne having died in 
February, the Council have elected Mr. Q. Ainsworth to the vacant 
Vice Presidency thus arising. These gentlemen, who are all eligible, 
nre presented for re-eleotion at the Annual Meeting. Professor 
Thomas Turner and Professor J. 0. Arnold having also been nominated 
for election as Member* of Council, voting lists liavo been issued, as 
prescribed in Bye-law 11. 
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The President expressed his own regret and that of the 
Council that the Honorary Treasurer, Mr. W. H. Bleekly, was 
unable to be present by reason of indisposition. 

The Secretary thereupon read tho Treasurer’s Report for 
the year 1911, which was as follows:— 

“ It is once more my duty to present to you the Yearly 
Statement of Accounts, and to review, as briefly as possible, 
the financial position of the Institute. The year 1911 proved 
an eventful one in our financial history, in that, owing to 
certain exceptional circumstances, the expenditure exceeded 
that of any previous year, whereas the receipts remained about 
normal in comparison with those of the lost five years. As a 
consequence, the year was wound up with a deficit which has 
only twice been exceeded in the past. Nevertheless, taking 
all circumstances into consideration, I think you will agree 
with mo that the position on the whole is a satisfactory one. 

“ As will be seen from the printed copies of the audited 
Accounts which have been distributed in the room, the ex¬ 
penditure in 1911 amounted roundly to £6625. and tho 
receipts to £6398. I may explain at once that the deficiency 
of £210 on the General Account can be regarded as being 
entirely due to the liabilities iucurred on behalf of tho 
members who had intended to take port in tho proposed 
Autumn Meeting in Italy. Tho causes which most unfortu¬ 
nately led to the abandonment of the Turin Meeting were fully 
explained at the meeting afterwards held at very short notice 
in London, and I only need now refer to tho subject for the 
purpose of reporting that, in accordance with tho Council's 
decision, the whole of the Autumn Meeting expenses, amount¬ 
ing to £644. have boon defrayer! by the Institute. Of this 
sum about £450 represents compensation paid to railway 
agents and hotel-keepers on account of engagements entered 
into which, in the ordinary course, would have been paid for 
by tho individual members. The remainder was expended in 
making the usual preparations for a foreign meeting of tho 
Institute, and represents approximately the ordinary cost of 
such an event. 
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“ Another item of extraordinary expenditure, which you will 
notice, is the cost of the Decennial Index of the Journal, 
amounting to £415. Tho publication of this Index became 
doc this year, and I atn pleased to say that many expressions 
of appreciation of its usefulness have been received. 

“ The remaining items on the expenditure side call for little 
comment, as they do not vary greatly from the corresponding 
ones of previous years. The cost of publishing the Journal 
was £1487, which exceeded that of 1910 by £146, the in¬ 
crease being mainly accounted for by the cost of the translation 
of an exceptionally largo number of foreign papers. On the 
other hand, the expenditure on the library, on offico furniture, 
on the Anntuil Meeting, on postage, printing, and travelling, is 
lower in each case. 

“Thus it will be seen that the total extraordinary expendi¬ 
ture incurred consists of an unexpected expense of £450 and 
an expected one of £415, together amounting to £865, and 
that the other ordinary expenses together amount to £5760. 
or about £50 less than the total expenditure in 1910. 

‘The revenue, as stated, amounted to £6398, or just £30 
less than the revenue of 1910. Analysing the principal items, 
tho entrance fees total £207, showing an increase of £18 over 
the previous year, whereas the receipts from annual subscrip¬ 
tions amount to £4192, showing a falling off of £97. Tho 
receipts from tho sale of the Journal have continued to 
increase—a fact which affords a most satisfactory indication 
of the scientific value of the proceedings. 

“ The receipts from the Carnegie Fund did not quite meet 
the expenditure. The income was Cl Oil, which amount, 
being derived solely from interest on tho invested funds, docs 
not vary appreciably from year to year. The expenditure in 
grants to scholars, printing, and translation of reports and 
clerical assistance, was £1028. There is. however, still hold in 
reserve an accumulated balance of £47 which, after liquidat¬ 
ing the deficiency of £17 on the year’s working, leaves an 
amount of £80 to the credit of the fund, as shown in tho 
balance-sheet. During the year under consideration no 
changes have been made in the invested funds of the 
Institute.” 
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The President, in moving the adoption of the Iiuport and 
Statement of Accounts, said that it would ho generally agreed 
that the Report was a satisfactory one, and that the Institute 
was continuing its work on sound and proper lines. 

Mr. Walter Dixon (Glasgow)seconded the resolution, which 
was put to the niceliug. and carried unanimously. 

Mr. F. Mills (Ebbw Vale) proposed u vote of thunks 
to the President and Members of Council. Ho thought 
it would be generally agreed that those who were charged 
with the conduct of the uiluirs of the Institute were well 
versed in the commercial and metallurgical interests of which 
it took cognisance, and he believed that Lhose gentlemen 
enjoyed the full confidence of the members It w:is suggested 
some time ago that the system of election to the Council 
should be altered, but he personally was not iu accord with 
methods of popular suffrage, and he thought the Institute 
would do well to continue the methods of election of its 
officers which had prevailed iu the past. He knew some¬ 
thing of those methods, as their effect had been to exclude 
him from membership of the Council which he thought 
might perhaps be accepted as a sufficient guarantee of their 
efficiency. He believed that all the members were satisfied 
with the services rendered by tho President and Council, and 
he had great pleasure in proposing a hearty vote of thanks 
to them for the work which they had carried out. 

Mr. E. H. SaN'ITEH (Rotherham) having seconded the resolu¬ 
tion, it was put to the Meeting, and carried by acclamation. 

The President, in replying, said: “ On l>ehalf of my col¬ 
leagues and myself I beg to thunk you for the resolution which 
has been moved, seconded, and so warmly curried by the 
members present. It is a satisfaction to ns to know that we 
have carried out our work satisfactorily and well, but I would 
like to say what a great debt of gratitude we all owe to our 
secretary. Mr. Lloyd, and to his stall’ for the excellent way 
in which their work has been carried out. It is now my 
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duty to ask Mr. Arthur Cooper to take the Chair of the 
Institute for the next two years. I think the Institute is 
extremely fortunate in securing the services of a gentle¬ 
man of his capacity in the Chair. If he has one failing 
it is one that is common to nearly every member of the 
Institute, and that is that ho has a great deal more work 
to do than any one man ought to be called upon to perform. 
Many of us, as I have said, are in the same position, and we 
are most genuinely grateful to Mr. Cooper, both for the services 
which he has rendered to the Institute in the past, and for 
those which he has shown his readiness to carry out by 
taking the Chair of the Institute. I am sure that he will 
find the work extremely pleasant, and I am confident that 
the great traditions of the Institute may be safely entrusted 
to his hands." 

Mr. Ahtuuh Cooper then took thu Chair, and said : “ My 
Lord Duke and Gentlemen, I thank your Grace exceedingly 
for the very kind words which you have used, and 1 thank 
you, gentlemen, for the very cordial reception which you have 
given me. 1 am sure I need not suy that no effort will be 
wanting on my part to maintain the present high status of 
the Iron and Steel Institute." 


Autumn Meeting in Leeds. 

The Pit ESI DENT then announced that the Autumn Meeting 
of tho Iron and Stool Institute would bo held at Leeds on 
Tuesday, Wednesday, and Thursduy, October 1, 2, and 3. 
Arrangements were in progress for the formation of a Recep¬ 
tion Committee in that city. No meeting had been held in 
Leeds since 1876, and he hoped that the members would do 
their best to attend and so contribute to its success. 


Bessemeb Gold Medal, 

The President said that his first duty should have been 
the presentation of the Bessemer Gold Medal for 1912, which 
had boon awarded to Mr. John U. Darby for the services he 
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Lad rendered in tho advancement uf the metallurgy of iron 
and steel. He regretted that Hr. Darby was not present to 
receive the medal in person, and his brother, Mr. W illium 
Darby, who was to have received it on his behalf, was also 
unable to be present, and had sont a message expressing his 
regret. Under those circumstances the actual presentation of 
the Medal would take place at a future meeting. 


Mr. John Hknhy Daiiby, to whom the Bessemer Gold Modal of the 
Iron and Steel Institute for tho current year has been awarded, is a 
direct descendant of the distinguished family of metallurgists whose 
name he bears. Mr. Darby’s connection with the iron and steel 
trades is best known from his association, us far hick as in the year 
1880, with the late Sidney Gilchrist Thomas, and the introduction of 
the basic process. The first basic open-hearth furnaces for the manu¬ 
facture of steel on a largo scale erected in Great Britain were those 
built under Mr. Darby’s superintendence at Brymbo. Difficulties of 
a practical nature having been met with as regards recarburisation of 
the metal, Mr. Darby devised a process for the recarburisation of the 
metal in the ladle, lie was also associated with the introduction in 
this country of by-product coke-ovens, and was the first to erect retort 
coke ovens ut ironworks. He has contributed a number of valuable 
papers to tho 1’roceedings of the Iron and Steel Institute. 


The President then delivered his Presidential Address, the 
text of which will be found on page 31. 

His Grace the Duke ok Devonshire said he was sure it 
would be the wish of the members, us it was his own. to 
express their gruteful thanks to the President for the extremely 
interesting and valuable Address which he had given them. 
They* owed him a great debt of gratitude for having placed 
before them in so clear a way the tremendous evolution which 
had taken place in the manufacture of steeL Mr. Cooper 
had quite clearly shown that in the period covered by bis 
own observations the whole conditions of tho industry had 
changed, and the only conclusion that could l*e drawn from 
the Address was that it was never safe to prophesy. There 
might he greater changes still to come in the steel industry. 
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imd it was accessary that British stool-makers should take 
care that they wore not left behind in the race. But with 
men like the President to apply themselves to the problems 
which had to be solved, there was no need to fear the 
result. Tt was to the reading of Papers on the lines of the 
1 residential Address t hat they looked forward to holding their 
position in the manufacture of steel. He begged to move 
that the l>est thanks of the Institute l>e given to Mr. Cooper 
for his Address. 

Sir lltJuti Bell, Bart., Past-President, said that he had 
great pleasure in seconding the vote of thanks. Mr. Cooper 
at the outset of his Address had expressed his intention of 
making a review of the heavy steel trades for the past forty 
years or thereabouts, and they were very grateful to him for 
putting on record in so clear a way the extraordinary evolution 
which hod token place within a period of forty odd years. 
He felt quite certain, however, that many of the members 
would regret that Mr. Coopor by embodying his statements 
as a Presidential Address, had raised them above diseussion. 
Ihere was a very good rule that they were not permitted to 
discuss the contents of a Presidential Address, and the Presi¬ 
dent was no doubt fully aware of that when he was engaged 
in tho preparation of it, and was able to trail his coat-tails, 
knowing full well that no one would dare to tread upon them. 
He (Sir Hugh) could, if ho would, tread upon them, and no 
doubt there were many other members of the Institute in the 
same position. It was, however, extremoly interesting to have 
placed on record tho changes which had taken place in the 
trade during the past forty years. One comment at least ho 
would venture to make, as it did not tread on the tails of 
the President’s coat at all. In one part of his Address the 
President referred to the unreasonable conduct of owners pos¬ 
sessing ores containing phosphorus Tho time was when a 
littlo reduction in price was made for such ores, and steel¬ 
makers hud continued to obtain that reduction as long as they 
could. Unfortunately, the owners of these ores had now dis¬ 
covered that phosphorus was a valuable ingredient, and they 
made tho steel-makers pay for it. He was glad that attention 
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bud been culled lo it, and that tb. ro bud been a holding-up to 
obloquy of those who persisted in that most unreasonable 
course of conduct! Then he noted that the President de¬ 
parted somewhat from the lines ho had himself laid down, us 
he hud not merely reviewed the past, but had endeavoured to 
look into the future as far as lay within the power of man so 
to do, and their thanks wore due to the President for having 
placed upon record the story of the past, and for having 
attempted to forecast the prospects of the trade in the future. 
'I on years lienee, perhaps, somebody in the same position as 
Mr Cooper occupied that day would be considering what to 
say to the members of the then Institute, and he would no 
doubt look hack to Mr. Cooper’s Address, and point out 
how well he had foreseen what was going to take place in 
the future. The remarkable thing about the steel trade as 
their President had known it, was the extraordinary manner 
in which what were once regarded as only subordinate sections 
of t he industry had gradually come forward into a position of 
groat prominence. Only the other day he hail hail occasion 
to observe that a visitor going round a steelworks would 
hardly notice the steel, which was to a certain extent dwarfed 
by the important processes for the utilisation of what were 
formerly regarded os useless and deleterious bye-products. 
They owed the President their very hearty thanks. He ven¬ 
tured to suggest that in no respect did they owe him more 
thanks than for recalling to their recollection the very signi¬ 
ficant words of his predecessor in the chair, their old colleague 
and friend. Mr. Martin, who forosaw what was now taking place 
fifteen years ago, and he believed that in their turn they would 
look back to the prognostications made by Mr. Cooper, which 
he hoped would be as well realised as those of his predocossor 
in the chair. 

Mr. WiUJAM Hawdon (Middlesbrough) supported the veto 
of thunks to the President for his Address. They were all 
pleased that Mr. Cooper had beeu persuaded to lay aside his 
modesty, and to accept the position of Presidont when asked 
to do so by the Council. He believed that in the future they 
would look back to that Address with great interest. 
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The voto was then put to the meeting and carried by 
acclamation. 

I lie President, in reply, said he was extromely gratitiod at 
the way in which they had roceived his Address. He had 
prepared it with a great amount of trepidation, because he hail 
the foeling in his mind that whatever he said would be known 
to at least half tho members in the room. Ho wits glad to 
conclude from the vote they had passed that his Address had 
boon well received, and he hoped that that kindly recej>- 
tion might be taken us an indication of the indulgence which 
would be extended to him during his term of office. 

Papers by Dr. H. Nathusius. Dr. J. E. Stead, F.R.S., Sir 
Hugh Bell, Sir Robort A. Hadfield, F.R.S., and Professor 
ihomos 1 urner were then read and discussed, the meeting 
beiug adjourned at 1 p.m. until 2.30 !\H. on the same day. 

Sir Robert Hadfield, F.lt.S., Past-President, presided at 
the afternoon meeting, when papers by Dr. J. O. Arnold, F.R.S., 
and Professor A. A. Read, Dr. Arnold and Mr. L. Ai’tcluson! 
Dr. J. N. Friend, Mr. J. Lloyd Bentley, and Mr. W. West! 
and Mr. C. Chappell were read and discussed, the meeting 
being adjourned until 10.30 am. on the following day. 

Award of Cakxeoie Gout Medal and Research 
Scholarships. 

On the resumption of the mooting on Friday, May 10, tho 
President made an announcement regarding the Carnegie 
Awards. lie said that in order to allow more time to consider 
t he merits of the researches for the award of the Carnegie Gold 
Modal, the Council had decided that the award should be mado 
in tho year following that in which the Report was received. 
The Carnegie Gold Medal bad been awarded by the Council to 
Dr. Paul Goerens for his Report of the previous year. He would 
like to point out that the Council had experienced consider¬ 
able difficulty in making the award, owing to the highly 
meritorious character of tho Reports received, and they would 
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have been pleased if they had had seven Gold Medals to dis¬ 
tribute instead of one. They ultimately came to the conclusion 
that the most meritorious of the seven Reports received, was 
that by Dr. Raul Goerens. 

In making the presentation to Dr. Goerens, the President 
expressed the pleasure with which that Medal was bestowed. 
Ho said that Dr. Goerens had carried out admirable research 
work, and had made many valuable contributions to scientific 
literature. 

The Secretary announced that the Council had decided 
to award the Andrew Carnegie Scholarships for 11)12 to the 
following applicants: £100 each to Mr. Arthur Ressner of 

Berlin. Mr. Eugene Nusbaumer of Lonein-lez- Liege, Belgium, 
and Mr. J. Allan Pickard of Woolwich Arsenal. It was 
stated Lhat a similar award had been made to Mr. Walter S. 
Landis, formerly of Lehigh University, but that Mr. Landis 
had had to decline the award, as he had left the University, 
and was now occupying a position which would provent him 
giving the necessary time to the research work. 

The Secretary also announced that a further grant of £50 
had been made to Mr. .J. C. W. Humfrey, of the National 
Physical Laboratory, Teddington. 

The following are brief notes of the careers of the recipients 
of the Carnegie Gold Medal for 1911 and Research Scholar¬ 
ships of the Iron and Steel Institute for 1912 :— 

Dr. Paul Gokukns. to whom the Andrew (Jamegio Gold Medal 
has keen awarded, was born in 1882, and was educated at Luxemburg 
and at the Royal Technical College of Aix-la-Cknpolle. His practical 
training wits obtained at Differdingcn. He became a Doctor of 
Engineering in 1908, and wits awarded the title of Professor in 1909. 
He is Demonstrator in Physical Metallurgy, Materials, and Fuels at 
the Royal Technical College, Aix-laChapellc. He was awarded a 
Carnegie Scholarship grant of £100 in 1910 to enable him to pursue 
his investigations on the influence of cold working on the pro|H>rties 
of iron and steel, and it is for the results obtained in connection with 
this research that the Gold Medal has been awarded to him. 
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Arthur Kessnkr Wa* barn in 1879, ami educated at Potsdam and 
at th« Royal School for Machine Construction at Hagen. He wa» 
Hul>sixjucnt.ly engaged practically at the State Railway Central Works 
at Potsdam, after wliich lie studied metallurgy at the Royal Technical 
High School, Clmrlottenlnirg, where he was appointed j>u. .i.anunt 
assistant to the Chair of .Mechanical Technology. Since 1907 he 
luis held the appointment of Constructional Engineer at Uie High 
School, and lecturer in Mocluinical Technology at tho “ Omnia" 
Berlin. He receive.-, an award of X100. 


EimfcNB Nihhaumk* was born in 1882. and educated at tho Univtir 
sity of Paris and at the Institute of Applied Chemistry in the same city 
Me is chief chemist at tho works of U. Perihon at Londn-le*. Liege 
Belgium. 11e has carried out investigations on the wear of metals and’ 
on alternating stresses, and contributed a memoir at the Copenhagen 
t angress of the International Testing Association or. tl.e latter 
hubject. Ilu receive* an await) of XI00. 


<).Am.KH Pickard was l*>rn it. 1886, and educated at the city of 
Loudon School and at the Royal College of Science, where he obtained 
the Assorniteship. He is research chemist in the metallurgical branch 
of the Research Department of Woolwich Arsenal. He graduated 
with honours as a Bachelor of Science of London University, and is 
a Fellow of the Chemical Society. He has curie.! out investigation, 
m organic chemistry, and has devises! a method for the estimation of 
oxygen in iron and steel, lie receives an award of XI00. 

The President announced that Mr. Charles Vattior a 
member of the Institution of Civil Engineers of Franco and 
Delegate of the Chilian Government , was in attendance and 
would, during the course of tho morning, deliver an address in 
an adjoining room on the metallurgical resources of Chile 
mth special roiem.ee to the ore deposits of that country 
Mr VWr bad travelled from Chile for the express p„rp.ie 
of laying before the members of the Institute infoJmaUon 
relauve to those resources; and although, unfortunately, he 
had not been able within the statutory time to present a paper 
for reading at tho raeettng. he hud prepared copi„„ s Ues 
which, illustrated by maps, diagrams, and samples of the 
actual ores themselves, would doubtless prove of much interest 
to many of the members. 
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Papers by General L. Cubillo, Mr. J. YV. Hall, Sir. E. G. 
Herliert, and Sir. F. Roger were then read and discussed. 


Votes of Thanks. 

Tho President said that they hod now concluded tho 
ordinary business of the meeting, and all that remained was 
to propose a hearty vote of thanks to the President and 
Council of the Institution of Civil Engineers for their renewed 
kindness in granting them the use of the rooms for their 
Annual Sleeting. He believed that that would be the very 
lost time they would meet in that room, because the building 
was about to Ikj taken down. They had enjoyed the hos¬ 
pitality of tho Civil Engineers for many years; in his own 
case it must have been thirty-four or thirty-five years since 
he attended his first meeting there. In that particular room 
their meetings had been held for twenty years. They thanked 
the Council for past and presont favours, and might possibly 
express the hope that in the new building to be erected they 
might enjoy a continuance of tho privileges so long accorded to 
them through the kindness of the President rind Council of the 
Institution of Civil Engineers. 

Mr. G. Ainsworth, Vice-President, in seconding the vote, 
saitl the destruction of the building meant the breaking up of 
one more old association, a sevorance which, as they got older, 
they appreciated loss and less. 

The resolution was carried unanimously. 

Professor Henry Louis (Newcastle-on-Tyno) said it was his 
pleasant duty to propose a cordial vote of thanks to their 
President, Mr. Cooper, for his conduct in presiding over their 
meetings. He thought that the commencement made was 
the best possible augury for the continued success of the 
President's term of office. 

Mr. Ralph G. Scott (Leeds), in seconding the vote, said 
that he thought the proceedings had beeu a little more con- 
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versational, and rather loss formal than for the past year or 
I wo. Personally he was exceedingly pleased to second the 
vote of thanks to Mr. Cooper. 

The vote was then put to the Meeting, and carried by 
acclamation. 

I ho President said he was extremely obliged to the 
members for the way in which they had received the resolu¬ 
tion. He could assure them that his office had furnished 
him personally with a great amount of ploasure, and if they 
were satisfied he was more than delighted. He felt that they 
had treated him with a great amount of indulgence and for¬ 
bearance, and he hoped ho might rely upon that during his 
period of office. 


The proceedings then terminated. 
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PRESIDENTIAL ADDRESS. 

Br ARTHUR COOPER. 

Before entering on the subject-matter of my address. I desire 
to place on record my sincere appreciation of the very high 
honour you have conferred upon me in electing me your 
President. At the same time, I should like it to be under¬ 
stood that I accepted nomination with groat hesitancy, not 
because I was unmindful of the kindness of the Council, but 
because I feared it would not l>e possible for mo to discharge 
the responsible duties of the office in a way satisfactory to 
myself, or in a way that would compare with the discharge 
of those duties by the illustrious men who had preceded me. 
I was, however, influenced by the assurance of my colleagues 
that I might depend upon their cordial assistance and support, 
and on this I feel I can rely. 

As the years roll on, the selection of a theme for an address 
to a society like the Iron nnd Steel Institute becomes increas¬ 
ingly difficult, and one is forced to choose between a special 
subject that can be interesting to a portion only of the mem¬ 
bers, or one of more general interest upon which much has 
already been said. 

After mature consideration, I decided on the latter, and 
propose to review the development of the heavy steel in¬ 
dustry during the forty years I have been associated with a 
branch of it. 

By u heavy steel industry" I mean the Bessemer and 
open-hearth processes and their modifications. 

I am conscious that this subject has been dealt with in 
detail by members, who have described their various inven¬ 
tions in papers read before this Institute, and in a general 
way by several of my predecessors, but some years have 
elapsed during which great improvements havo been marie 
both in methods and in plant. Whilst, therefore, little re¬ 
mains to be said concerning the processes as originally carried 
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out, I am hoping that a brief reference to some of the improve¬ 
ments that have taken place in recent years may t>e of interest, 
as these have had tho effect of very greatly increasing t he output, 
decreasing the cost, and improving tho quality of the products. 

Il, in iny review, I do not appear to specially advocato any 
particular process or form of plant, it is Iwcause my sincere 
wish is to treat the subject in a perfectly fair and impartial 
manner by giving facts as they present thomsolves to me, and 
by leaving it to others to draw their own conclusions. 


1870. 

In the year 1870, when tho acid Bessemor process was 
fully established and the open-hearth process had just been 
introduced, tho make of ingots in the world was os follows:— 


OfVjfl 

Britain. 

Gftrmanr. 

France, 

U.S^L 

Anstrta- 
1 lungary. 

Swrilen. 

Belgium. 

Total. 

Tons. 

2fmnoo 

Tons. 

170.000 

Toni. 

1*7,281 

Toni. 

:58,H40 

Toni. 

22.112 

Ton*. 

12.198 

Tons. 

9.603 

Ton*. 
399.993 1 


' Say about 000,000 ton*. 


Thoso ingots were for tho most part acid Bessemer, and the 
purpose for which they were used was chiefly rails. 

In those early days, even in works producing their own pig 
iron, the steel department was operated quite independently 
of the blast-furnaces and of the rolling-mills; none but the 
purest ha-matito pig j ron WftS used. This was carefully selected 
by fracture, and, where more than ono make was introduced, 
charges of tho weight required were made up of a mixture 
of the different brands, so as to correct variations in any in¬ 
dividual brand; and if for conversion by tho Bessemer pro¬ 
cess. each charge was melted down in a separate cupola at a 
great cost in coke ; the ingots produced were allowed to cool 
down, and afterwards heated horizontally in small coal-fired 
furnaces preparatory to their being hammered into bits,ms 
or slabs, which, after inspection and dreasing cold, were again 
heated and rolled into finished articles. 
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There was no organised laboratory control of the materials 
used, and the estimation of carbon by colour in a sample 
taken from the blow or chargo usually constituted the only 
chemical test. 

A vory largo percentage of the ingots mode were more 
or less red-short, often due to tho irregular contents of 
manganese in tho spiegel, which would have been detected 
and the unsatisfactory results prevented with efficient labora¬ 
tory supervision. 

Notwithstanding everything, excellent steel was produced 
from those ingots, that could be coaxed down into respectable 
blooms. The cost, however, compared with the present 
practice, in fuel, wages, and waste, was enormous. The out¬ 
put of a pair of acid-lined converters was about 600 tons 
per week, and this quantity was considered a very fair week's 
work for a rolling-mill. 


1871 to 1880. 

Early in this decade the blooming- or cogging-mill took the 
place of the hummers, and with its aid some steel-makers, 
recognising the importance of saving fuel, delivered their 
ingots singly, and ns hot as possible, to the mill-heating 
furnaces, from which they wero rolled off at one heat direct 
into rails; and at works where blast-furnaces existed, molten 
iron was taken direct to the converters. Other outlets wore 
found for the steel, such as for ship- and bridge-building and 
for tinplates; but probably the most important develop¬ 
ment daring this period was the discovery and establishment 
of the basic process, which was destined to render available 
for steel-making purposes, in all parts of the world, immense 
tracts of ore beds, which, by reason of their high content 
of phosphorus, could not be used for steel-making by the 
acid processes. 

Tho output of ingots in the world in 1880 is given in 
Table I., p. 48. 

Of the 4,000,000 tons of ingots produced in 1880, it will 
I Mi noted that upwards of 80 per cent, were made by the 
acid Bessemer process, which had been developed very rapidly 

1912—L c 
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daring the ten years ending 1880, not only in Groat. Rritain. 
hut also in the United States, Germany, France, and Belgium. 


1881 To 1890. 

During the al>ovo period the basic open-hearth process was 
established, and bye-product coke-ovens were drat put down 
as adjnncts to blast-furnaces, os it came to be recognised not 
only that the hye-products reduced the coke cost but also 
that the waste heat and waste gases could be converted into 
steam, and turned to useful account at the adjoining iron 
and steel works. 

Mr. Gjers also demonstrated that when the ingot, immedi¬ 
ately after casting, was pluccd in a vertical pit lined with 
firebrick and allowed to soak, thero was sufficient heat in 
it to enable it to be rolled into blooms and billets or rails. 
The steel trade is greatly indebted to Mr. Gjers for the 
economies he introduced in tho handling of ingots preparatory 
to rolling, as undoubtedly from his pits and methods origi¬ 
nated tho vertical ingot furnaces of to-day, in which the 
centres of the ingots set whilst in an upright position, thus 
avoiding the tendency to bleed and cause hollow products, 
which frequently happened whon they were tumed on to 
their sides soon after they wore cast, for hoating in the 
horizontal furnaces of former times. 

After numerous experiments on the Continent and also in 
this country it was abundantly clonr that tho phosphoric slog 
from the basic converters, when ground into an impalpable 
powder, had a high manurial value. It must not, however, be 
imagined that this discovery was immediately tumed to profit¬ 
able account. Considerable difficulties were met with in 
grinding it satisfactorily, chiefly on account of the shots of 
steel with which it was interspersed. 

The first attempts made with stone mills as formerly used 
for grinding com proved utter failures, and it was only after 
many months of costly and tedious experiments that a satis¬ 
factory solution of the problem was arrived at and tho slag 
could bo ground regularly into a fine powder at a sufficiently 
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low cost to cnablo it to compete with super-phosphate and 
leave a margin of credit to he placed against, the ingot. 

The revenue so derived from this ground slag has aidod 
very considerably in the development of the basic processes, as 
will appear later. 

Captain Jones, in America, and Mr. Gustav Hilgenstook, in 
Germany, about the same time, and quite independently of 
each other, demonstrated the great advantage of mixers or 
receivers between tho blast-furnaces and the steul-converting 
plant. 

I had the honour on May 9, 1895, of reading a paper 
before this Institute on this subject. 

The output of ingots in the world in 1890 is given in 
Tablo II., p. 48. 

It will he seen that from the years 1880 to 1890 the 
mako of ingots of the world had increased from 4.000,000 
tons to 12,000,000 tons, the most notable increases being 
in the production of acid Bessemer steel in the United States, 
of acid open-hearth in this country, and of basic Bessemer in 
Germany. 

1891 To 1900. 

Between 1891 and 1900 great improvements in appliances, 
and several important inventions, wore introduced, such as 
the use of electricity for tho driving of auxiliary machinery 
in iron and steel works, and also for driving small rolling- 
mills ; Mr. Saniter’s method of desulphurising; Messrs. 
Bertrand & Thiel’s modification of tho open-hearth process; 
and the use of blast-furnace gas as a motive power, first by 
Mr. James Riley and Mr. B. H. Thwaite, in Glasgow, followed 
very shortly by Mr. Greiner in Seraing. Mr. Talbot also 
introduaed his method of working tho open-hearth process 
continuously, and the Hon. Charles A. Parsons and Professor 
Rateau developed their steam and exhaust steam-turbines. 

The output of ingots in the world in 1900 is given in 
Table IIL, p. 49. 

The most striking features of the figures in Table 111. are 
the large increases since 1890 in the production of ingots in 
tho United States, via, from 4,000,000 to 10,000,000 tons, 
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of which 6,500,000 were acid Bessemer, and 2,500,000 tons 
basic open-hearth; and in Germany from 2,0u0,000 tons to 
6,500,000 tons, of which 4,000,000 tons were basic Bessemer 
and 2,000,000 tons basic open-hearth. 

1901 to 1910. 

Whilst it cannot be said that these ten years were years of 
invention and novelties as were the thirty years preceding, 
great improvements have been made both in methods and in 
the perfecting of plant and appliances introduced during the 
latter part ot the last century. Amongst the former may be 
mentioned the very important work of the Engineering 
Standards Committee — the father of which was its present 
chairman. Sir John Wolfe Barry. The main committeo con¬ 
sists of delegates of the Institution of Civil Engineers, the 
Institution of Mechanical Engineers, the Institution of Naval 
Architects, the Iron and Steel Institute, and the Institution 
of Electrical Engineers ; and during tho last ten years this 
committee, with its thirty-nine sectional and sub-committees, 
and with the aid of its able secretary. Mr. Leslie S. Robertson, 
have dealt with a very great variety of subjects, that immedi¬ 
ately concerning this Institute being the standardisation both 
for sires and tests, of materials of all rolled sections as used 
for constructional purposes for ship- and bridge-building and 
boilers, as well as for railway and tramway rails anti fishplates, 
and for tyres and railway rolling-stock. 

The effect has been to reduce enormously the number of 
sections called for, as, owing to the very representative and 
influential character of the committees, British standard sec¬ 
tions and specifications have been very extensively adopted, 
notably by the Admiralty, the Board of Trade, and Lloyd's 
Rogister. The British Corporation for the Survey and Registry 
of Shipping and the Bureau Veritas have likewise given effect 
to the committee’s recommendations in their rules, with tho 
result that the cost of roll stocks is being greatly reduced, and 
the manufacturer may now bo content to roll into stock when 
it suits his convenience to do so, with the certainty that he 
will not have tho material left on his hands as was formerly 


I'RkSlDENTlAL, AMUtESS. 


37 


frequently the cuse when almost every buyer had his own 
particular section ami specification, which no other buyer could 
be prevailed upon to take. The advantage to the consumer 
of the adoption of the standard sections being quicker delivery 
(small lots frequently from stock) and reduced cost, practically 
no special rolls being now required. 

The output of ingots in the world in 1910 is given in 
Table IV., p. 49. 

Comparing the production given in Table IV. of the three 
largest steel-producing coimtries for 1910 with the production 
of the same countries for 1900 (Table III.), it will bo seen that— 

In the United Utalex, whilst the make of acid Bessemer ingots 
bos increased from 6,500,000 tons to 9,500,000 tons, the 
make of basic open-hearth ingots has increased from 2,500,000 
tons to 15,000,000 tons. 

In Germany, whilsL the make of basic Bessemer ingots has 
increased from 4.000,000 tons to 8,000,000 tons, the make of 
basic open-hearth ingots has increased from 2,000,000 tons 
to 5,000,000 tons. 

In Great Britain the only notable increase hits been in 
basic open-hearth ingots, viz., from 300,000 tons to 1,500,000 
tons, the make of basic Bessemer and acid Bessemer and open- 
hearth being substantially the same as in 1900. 

It will also be noted that in these three countries together 
the make of basic open-hearth ingots in 1910 represents rather 
more than half the entire make by all the processes, against 
rather loss than one-quarter of the make in I 900. 

In the United States the basic open-hearth process is 
assuredly takiug the lead, adapted as it is to produce pure 
steel of any quality from the softest to the hardest, from ores 
too low in phosphorus to be utilised by the basic Bcsscuier 
process, and too high for either of the acid processes. 

In Germany, on the oLherhand, while the basic open-hearth 
process is making great headway, very large increase's of plant 
for the basic Bessemer process—by which soft and medium 
hard steel can be produced with great regularity and at very’ 
low cost—aro being laid down, the phosphoric ores of Luxem¬ 
burg and neighbouring districts producing a cheap iron 
eminently suitable for conversion into steel by this method. 
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In France, too, and in Belgium, where similar ores are 
available, the chief extensions which are lieing earned out at 
the present time are in plants for the basic Bessemer process, 
assisted as it is very materially by the revenue derived from 
the rich phosphoric slag which it produces. 

The output of the world of such slag during 1910 was as 
follows Ton a, 

Grt many. 1 

Groat Britain. 

Belgium.HflO.OOO 

France ....... 

Other i oumnes ..... lCS.tlOO 

S.W0.000 

Practically the whole of this was ground and sold for ferti¬ 
lising purposes, and realised on the average about two pounds 
per ton delivered to the fanner, yielding to the steel-muker a 
credit of from four to six shillings per ton of ingots made, 
and. whore the phosphorus in the ore is not paid for, reducing 
the cost of his ingot by this amount. 

In Great Britain the acid processes at present are the largest 
producers, and whilst there is no reason for supposing that so 
long as existing works can obtain pure harmatiie ores at reason¬ 
able prices there will be any serious falling off in the mako 
of acid steels, the main and trusted products of this country 
for so many years, it is, 1 think, certain that because of the 
scarcity and of the increasing cost of these ores, future exten¬ 
sions of steel-making plant will be for the basic open-hearth 
process, which is not only capable of utilising all domestic phos¬ 
phoric ores, but also foreign ores that can be imported at a 
low cost, too high in phosphorus for the acid processes and too 
low to command a value for the phosphorus for the basic Bes¬ 
semer process—indeed, now that the supply of pnddlers* tap is 
so limited and the owners of the rich phosphoric ores (by 
no means plentiful) have fully realised the worth of the phos¬ 
phorus and insist on being paid full value for it, the cost of 
iron to the basic Bessemer steel maker in Great Britain is 
becoming too dear to enable him to compete with his open- 
hearth rival, and it seems probable that he will ultimately be 
driven to chango his process for that of basic open-hearth or 
some modification of it. 
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1 have thus endeavoured to show the gradual development 
of the chief steel-making processes in the different countries 
since 1870, and the Appendix gives the finished steel products 
for 1910 as far us the figures are available. I should now like 
to draw attention to some oi the improvements that have taken 
place in methods and in plant, particularly during tho later 
years, and which have undoubtedly placed the industry in tho 
position it uow occupies. 

In the early days it became apparent that an exact know¬ 
ledge of the composition of all the materials used was essential, 
and the solitary works chemist of that period, who spent most 
of his time in estimating combined carbon by colour, has given 
pluco to a highly-trained and well-organised stall under a 
skilled chief, whose duties are to sample, analyse, anil report 
upon incoming raw materials, as woll as on all finished goods 
and waste products, to advise and assist the managers of the 
different departments in the various manufacturing operations 
so as to chock waste and to ensure that everything possible is 
turned to useful account, and that nothing leaves the works 
that does not comply with the specification; and when steel¬ 
makers realised the great advantages in point of cost of using 
molten iron direct from the blast-furnaces, and that the utilisa¬ 
tion of the waste heat and surplus gases from their coke- 
ovens in their steel works boilers reduced their coal bills, bye- 
product coke-ovens as well as blast-furnaces came to l»e 
regarded as necessary adjuncts to tho steel works, and most 
of the recently built large stool works, where conditions are 
favourable, ore so equipped. 

Bye-Product Coke-Ovens. 

Bye-product coke as originally made in this country had a 
very uphill tight, chiefly because it was much softer than the 
excellent beehive coke then in use, Its density of late 
years has l>een much improved by building the ovens of a 
width most suitable for tho coals and by varying the time of 
coking, and coke-makers who have had a lengthened experi¬ 
ence maintain that by stamping tho coal into a cake or block 
just large enough to rill the oven when pushed in, coke equal 
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to that from beehive ovens can be produced from equal 
coals—that charging in u cake or block can be effected more 
expeditiously than by tipping the coal into the oven from the 
•top and afterwards levelling it; that there is less loss of heat 
and that a greater output per oven can be obtained. 

The ovens as originally built provided a small surplus of 
heat and gas for purposes outside the requirements of the 
plant, but the modern regenerative ovens with their very 
economical methods of regulating combustion of the gas in 
flues, so as to obtain a perfectly uniform heating of the walls 
provide a surplus of fully 50 per cent, of the gas produced 
for outside uses, such as for furnace-heating, for lighting, 
or for power. This from a plant making 5000 tons of eoko 
per week would mean upwards of 200,000 cubic feet of spare 
gas per hour, equivalent to, say, 8000 indicated horse-power 
if used in gas-engines, or to. say, 750 tons of coal per week if 
used for metallurgical or heating purposes. 

Great improvements have also been made in the processes 
for the recovery of the tar and ammonia, giving better yields 
of bye-produets and reducing the cost of working expenses 
and repairs. 

Blast-Furnaces. 

The chief improvements which huve taken place in blast¬ 
furnaces during recent years, following the use of larger 
volumes of uir at higher temperatures, have been in the 
perfecting of the mechanical charging appliances so arranged 
that tho materials can l>e uniformly distributed in the top of 
tho furnace, at almost any speed required at a very low cost 
in labour and in maintenance, and without any loss of gas 
when the 1*11 is lowered, and also in the const ruction of the 
boshes and of tho stacks. l>oth now frequently cooled bv water 
sprays or troughs, or by bronze or some other pattern of 
water-cooled blocks, by which means the life of the furnace¬ 
lining, which was shortened very considerably in the early 
days of rapid driving, has been materially increased; but 
probably one of the most important developments in connec¬ 
tion with Idast-furnaces has been the cleansing of the whole of 
the gases, for, not only has it been proved absolutely necessary 
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to use perfectly clean gas in the gas-engine, but it lias been 
found very advantageous to rough clean also that used for 
stoves and boilers, as with such gas the necessity for laying oil' 
the stoves to remove the dust, with the consequential costly 
repairs, and the periodical stopping of the entire plant for 
cloaring the dust from the Hues can be avoided; further, by 
the use of clean gas the heats can be maintained in the stoves 
at a higher and more uniform temperature, reducing the con¬ 
sumption of coke, and since the cloaned gas has a higher 
calorific value less is required, so that more is available for 
outside purposes. 

The two most favoured methods of blowing blast-furnaces 
to-day are by the reciprocating gas blowing-engine using blast¬ 
furnace or coke-oven gas, or by the steam-turbo blower, 
supplied with eithor high-pressure steam generated in boilers 
from similar gases, or with exhaust steam from rolliug-inill 
engines—the turbine in this latter case being of the tyj>e 
known as mixed-pressure, which can he run with high-pressure 
steam at times when exhaust steam is not avuilahle. Both 
types of turbine depend for their efficiency upon perfect 
condensers and an ample supply of cold water. 

In a blast-furnace plant producing say 5000 Lous of iron 
per week, with a consumption of 20 cwts. of coke por ton, it 
has been established that by using modern gas blowing-engines 
and gas electrical generators for driving outside machinery, 
such as hoists, charging apparatus, aud pumps, there would bo 
sufficient surplus gas if used iu gas-engines to generate, say, 
22,000 indicated horse-power, or, if used for heatiug or metal¬ 
lurgical purposes, equivalent to, say, 1 600 tons of coal per week. 

If, on the other hand, turbo-blowers aud turbo-electric 
generators using high-pressure steam were employed instead 
of gas-engines, on the assumption that the turbine requires not 
more than double the quantity of gas required by the gas- 
engine, to supply it with steam, there would be sufficient 
surplus gas to generate, say, 7500 indicated horse-power, or if 
used for heating or metallurgical purposes, equivalent to, say, 
1150 tons of coal per week. 

It is cluinnsl for the modern gas-ongiuo, adopted almost 
exclusively in Germany, France, and Belgium, to a cousider- 
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able extent in recent installations in the United States, and in 
several large works in this country and in Canada, that it can 
be oporated with about 100 cubic feet of blast-furnace washed 
gas (>er effective horse-power per hour, and now that the 
weaknesses in design and construction, features of the earlier 
models, have been remedied, it is to-day a perfect machine, 
and quite as reliable as its predecessor, the reciprocating 
steam-engine—that tho quantity and pressure of the blast 
delivered to the furnace from it is under much hotter control 
than from tho turbo-blower. 

It is claimed for the turbo blower—used to a considerable 
extent in this country—and in a few plants only in the United 
States and on the Continent, that, although requiring at least 
double the amount of gas when burnt under boilers to pro¬ 
vide it with steam, it is a cheaper plant to install, and by reason 
of its simplicity the cost of stores and maintenance is likely 
to be lower, that the blast is delivered continuously by it, and 
not intermittently, as by the reciprocating engine. 

Surplus Goac*. —At collieries and at blast-furnaces, where 
there are no iron or steel works depending upon heat, the 
surplus coke-oven gas is now frequently used for generating 
electricity for power and for light, and any such power and 
light beyond the actual requirements of the plant is sold 
outside, thus reducing the coal or pig iron cost. It appears 
to l>e the general practice on the Continent, and in the new 
installations in America and in Canada, where steel works form 
part of the plant, to use the coke-oven gases for metallur¬ 
gical and for heating purposes, and the blast-furnace gases 
for the generation of power; yet there are many instances 
whero blast-furnace gases are also used in mixers, open-huarth 
furnaces, and heating furnaces, with satisfactory results. 

Steel Works. 

Mism —Since their introduction in 1889 the use and 
value of metal mixers has greatly increased. It soon became 
clear that the single mixer of about 150 tons capucity as 
originally erected was far too small, for whenever the demand 
upon it, even for a short time, w'as increased, or the supply 


PRESIDENTIAL ADDRESS. 


43 


( »f molten iron w;is checked, the store was so much reduced 
that the metal often left the mixer of practically the same 
composition as it entered it, probably only a few minutes before. 

Again, the pig iron made over the week-end when the 
steel works were standing had always been a difficulty. It 
caused delay and extra cost when used cold in the open- 
hearth furnace, and excessive cost and waste when it had to 
be remelted in cupolas for use in the converters. 

The problem of how to ensuro more uniform iron for the 
stool plant, and how to save the cost of romelting the Sunday 
pig, has been solved by greatly increasing the mixer capacity, 
and most largo works are now provided with either one or 
two or more mixers of from 400 tons to 1100 tons capacity, 
some of the simple cylindrical tank type without regenerators, 
but frequently supplied with coke-oven or blast-furnace gas 
burned over the top of the bath ; the principal function of 

these_largely used on the Continent and in the United States 

_is to receive the week-end iron and to maintain a large 

store during the week. Very little, if any, cold metal can 
be melted, and practically no change takes placo in the 
composition of the bath, excopt that brought about by the 
admixture of the different ladles of iron from the different 
blast-furnaces. 

Another design of mixer whioh finds most favour in this 
country, and which is also used in Canada, and I ranee, and 
in Germany, is of the gas-iired regenerative tilting open-hearth 
furnace type. These serve not only the purpose of storing 
the week-end iron, hut they will also melt up during the 
week large quantities of pig iron or scrap, thus obviating the 
use of cupolas altogether; and, further, by adding liiuo aud 
ore, the contents can be refined down to almost any com¬ 
position required with absoluto regularity (a most important 
condition for the production of uniform steel), thereby reducing 
the work to be done in the converters aud finishing furnaces, 
shortening the time of the operation, and increasing the life of 
the linings and the weekly output. This type of mixer, of 
course, involves extra cost in working over that of the simple 
cylindrical tank type, but it is held that the extra cost is more 
l imn compensated for by the advantages al>ovo mentioned. 
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Convertin '/ and Mrlt.iiuj .—In the converting and melting 
departments great changes have taken place. Instead of the 
pair of 5- to 8-ton converters oporuted hy steam blowing- 
engines from coal-tired boilers, with its wasteful adjunct the 
cupola plant, turning out from 600 to 800 tons of ingots per 
week, and instead of the 10- to 15-ton open-hearth furnace, 
with an output of 100 to 200 tons per week, will be found in 
the most recent plants from three to six 25- to 35-ton Bessemer 
converters, with an output of upwards of 10,000 tons of ingots 
weekly, operated by gas bio wing-engines; and open-hearth fur¬ 
naces of from 40 to 120 tons capacity, with a weekly output 
per furnace of from 600 to 1200 tons of ingots. Indeed, at 
one works in the United States, an open-hearth furnace of 
185 tons capacity was recently installed, from which lias been 
obtained over several weeks an average make of 1350 tons 
of ingots. 

The increase in output has been greatly facilitated by the 
improvements which have been introduced in recent years in 
the auxiliary machinery, such as charging machines, cranes, 
and ingot strippers, now for the most part operated by elec¬ 
tricity generated by waste gases, and the arrangements of 
many of the modern works are such that the same crane 
which strips the ingot places it whilst still hot in the reheating 
furnace, from which it can he delivered by another crane to 
the cogging-mill. 

Rolling-MilU . — In the rolling-mill department the heating 
furnace now almost universally used is that arranged to heat 
the ingot in its verti&d position, tired with either coal, pro¬ 
ducer gas, or waste gas from the blast-furnace or coke-ovens. 
The mills themselves have been greatly increased in capacity 
and power to deal more expeditiously with the larger pro¬ 
duction ; and, for driving reversing-mills where steam is used, 
two-oylindor engines are being displaced by engines with three 
cylinders, either simple or compound, exhausting into a con¬ 
denser, or into a turbo-blower or turbo-generator; the former, 
providing blast for the blast-furnaces; the latter, electric 
current for driving out-lying machinery. 

Another form of drive for roversing-inills introduced at 
Teschen, Austria, in 1906, Is by electric motor, on what is 
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known as the Ilgner system, which method has recently been 
adopted, both for cogging- and finishing-mills, by many im¬ 
portant works on the Continent, chiefly in Germany, and by 
several in this country, numbering about thirty in all; whilst, 
I understand, about twenty more such equipments are at the 
present time being laid down. 

Still, the modem reversing steam-engines, as above de¬ 
scribed for driving reversing-mills, have many ardent sup¬ 
porters, both in this country and on the Continent, on the 
ground of cheaper first cost and simplicity; and although 
electric motors are very largely taking the place of reciprocat¬ 
ing steam-engines for driving continuously running mills both 
on the Continent, in the United States, in this country, and 
in Canada, it cannot yet l»e said that even for this purpose 
steam has l>een permanently displaced, for Messrs. James 
Dunlop & Co., who recently erected a new 3-high pinto mill 
with rolls 28 inches diameter and 84 inches long, intending 
to drive it with an electric motor with current generated by 
steam from existing mills, after careful consideration aban¬ 
doned the idea of the electric motor, and put down in place of it 
a mixed pressure turbine of 750 brako-horse-power, running 
at 2000 revolutions per minute, constructed to work cither 
with exhaust steam from their other engines, or with live 
steam from their boilers, the supply of the latter being 
regulated automatically by a valve according to the duty 
required. Tho speed of the turbine is reduced by gear to 
run tho rolls at 70 revolutions per minute and the power is 
transmitted through a flywheel of about 100 tons woight. I 
understand that the mill was set to work at the end of 1910, 
and that it has in every respect proved satisfactory. 1 

If the experimental surface combustion boiler described by 
Professor Bone at tho Royal Institution on March 30 and 
April 6. 1911. for which an efficiency of 90 per cent, when 
fired with gns is claimed, can be developed into a commercial 
success, or if some other more economical steam generator 
than the present Lancashire or water-tubo boiler with an 
efficiency of about 60 per cent, only *can be devised, tho 
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economy of steam turbines would, of course, lie corre¬ 
spondingly increased. 

For soveral years post the question that has exercised the 
minds of iron and stool works engineers, particularly on the 
Continent, perhaps more than any other, has boon how to 
obtain most economically the maximum value from their 
coke-oven and blast-furnace gases, in order to savo the coal 
usod for producing power for their iron and steel works 
machinery and for their steel and heating furnaces, and with 
this object in view very large expenditures of capital have 
been incurred at all the important works. As an instance, 
I may mention that on a visit to one of the large German 
works consisting of coko-oveus, blost-fumnees, and steel works 
in ISO i, I saw a rango of boilers and an engine-house con¬ 
taining four pairs of powerful compound steam-blowing 
engines of tho latest design and in splendid condition, anil 
which at that time were operating their blast-furnaces. At 
a subsequent visit in 1900 I saw another large engine-house 
containing a magnificent plant of gas-blowing and power- 
ongines providing blast and oleotrio power for their blast¬ 
furnaces and steel works, and I was told that by the end 
of the year 20.000 horse-power would bo generated in that 
house, and all from waste gases. 

The boiler-plant and steam-engines wore all out of action 
ami kept as standbys. I have recently been informed that tho 
consumption of coal in these works has decreased in quantity 
year by year, and it i B expected that very shortly no coal will 
l>o required except for the locomotives. 

This is but an isolated instance of what is taking place in 
many such works. 

My friend, the late Mr. E. P. Martin, in his Presidential 
Address from this chair in 1897, referring to a visit he had 
recently paid to Mr. Greiner of tho Society Cockerill made use 
of these words: “ Indeed, incredible as it may appear if it 
were practicable to apply all tho gas nude at tho blast-fur¬ 
naces at Cockonlls for raising power, they would be able to 
do away with all their boilers except those of the loco¬ 
motives. 

‘ If blast-furnace gas can bo economically applied as the 
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motive power for driving large engines and for generating 
electric power, it would almost appear as if pig iron would 
soon become a bye-product, and the chief work of the iron¬ 
master of the future will be giving light and power to the 
country." 

It is clear that Mr. Martin in 1897 regarded this subject 
as a most important one; but it is far more important to 
us to-day, having regard to the great increase in the cost 
of coal which has already taken place, and the certainty of 
a still further increase in the near future. 

During the fifteen years that have passed sinco 1897, it 
has been demonstrated beyond all question that both coke- 
oven and blast-fumaco gases can lie economically applied, not 
only as the motive power for driving large engines and for 
generating electric power, but also as fuel for mixers, opon- 
hearth furnaces, and heating furnaces; and I confidently beliove 
the day is close at hand when in the best-managed largo works, 
equipped with modem bye-product coke-ovens and blast¬ 
furnaces, tho whole of the converting, heating, rolling, and 
finishing operations will l>o carried out with no other fuol than 
their own surplus gases, and that if any of us fail to utiliso 
our resources to the fullest extent, unless exceptionally situated, 
we may be left behind in tho race. 

In conclusion. I wish to express my heartiest thanks to 
our Secretary, Mr. Lloyd, for the statistics, and to many kind 
friends who fill the highest positions in some of the most 
important iron and steel undertakings in Belgium, Canada, 
France, Germany, and the United States, for valuable infor¬ 
mation as to the latest form of plant and methods of working 
in their respective coun tries. 

His Grace the Duke of Devonshire moved that a cordial 
vote of thanks be passed to Mr. Cooper for his Address. This, 
having l>een seconded by Sir Hugh Bell and supported by 
Mr. W. Hawdon, was put to the mooting, and carried by 
acclamation. The text of these speeches will bo found on 
pp. 23-26. 
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IMPROVEMENTS IN ELECTRIC FURNACES AM) 
TIIEIR APPLICATION IN THE MANUFAC¬ 
TURE OF STEEL. 

Bv HANS NATHUSIUS, Dk. Ini.. |Furrn» \-iil"rTE). 

I’he various systems of electric furnace arc so well known 
that it is unnecessary to describe these apparatus in detail. 
The author will therefore coniine himself to a few general 
remarks with respect to tho two most important systems— 
the induction furnace and the arc furnace — and to a de¬ 
tailed description of sotnc recent improvements in the latter 
typo, with special reference to the combined are-resistance 
furnace. The subject is one which cannot fail to bo of special 
interest to metallurgists, since it appears in the light of recent 
experience that so far as the manufacture of steel by electric 
moans is concerned the arc furnace is the furnace of the 
future. 


The Induction Furnace. 

The hearth of a simple induction furnace consists of an 
annular trough in which the ring of metal constitutes the 
secondary winding of an alternating current transformer. The 
source of heat is the eleotric current, which is induced in the 
rnetal by the alternating current in the primary circuit of the 
transformer. 

The idea of generating the requisite heat in the very mate¬ 
rial which is to be melted and of introducing heat by induc¬ 
tion of an electric current, thus avoiding the use of electrodes, 
seems highly promising, at least in theory. Unfortunately, 
however, this system of furnace has shown many serious 
defects in practical working. 

The above-mentioned advantages of the induction furnace 
can only he realised to the full when tho furnace is used as a 
crucible, that is when small charges (1 to 2 tons in weight) 
ore to undergo a pure and simple smelting process. As a 

20602 
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refining furnace the induction furnace is. for tho following 
reasons quite unsuitable. 

The restricted space within the ring of molten metal is 
inconvenient for any metallurgical work such as rabbling the 
slag, the regular distribution of additions, sampling and 
controlling the process of charging. The molten metal is 
also exposed to a considerable cooling action, due to ex¬ 
tensive cooling surfaces, and the slag is apt, to solidify in 
consequence. 

The electrically induced heat can, of course, only he generated 
in the metal bath and not in tho slag, which must therefore 
be heated indirectly by the underlying metal. Now it must 
bo evident that it Ls against all principles of economy to heat 
the stag by means of the molten steel, the melting point of 
which is considerably lower than that of the slag. Conse¬ 
quently a much higher temperature has to be imparted to the 
bath than is necessary for the desired reactions. 

The entire design of the induction furnace—which rather 
resembles an electrical apparatus than a metallurgical fumaco 
— makes it impossible to work with large tluid masses of slag 
capable of producing reactions. Tho magnetic field of the 
transformer sets up lines of forces in the liquid steel and 
causes it to rotate at, such a speed that tho slag is thrown 
against the sides of the channel, causing it to cool to a tem¬ 
perature below that at which it can react on the charge. 
Further, the speed of rotation causes the surface of the bath 
of metal to slope at an angle, so that only a small portion of 
tho metal in the ring is covered with slag, and the reactions 
are thus prevented. The lining of the furnace is also injuri¬ 
ously affected hy the whirling of the particles against tho 
sides of the furnace, due to the centrifugal force, an action 
which results in their being both mechanically and chemically 
attacked Further, it is impassible to treat entirely cold 
charges in an induction furnace, for unless a portion of tho 
preceding charge is allowed to remain in the furnace tho 
charge does not form a sufficiently perfect conductor for tho 
secondary current. This is a particular disadvantage in cases 
where it is desired to produce steels of very different qualities. 

A further disadvantage noticeable in some types of indue- 
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lion furnace, for instance in the Riichling-Rodenliauser fur¬ 
nace, consists in having two heating channels which form the 
secondary coil of the furnace transformer, the latter being 
built into the furnace in such a manner that one leg of the 
transformer pusses through a corresponding opening in the 
hearth. 

From a purely metallurgical point of view it is desirable 
that delicate apparatus such as a transformer should not he 
attached to the furnace, which, when hard pushed, may become 
red-hot, nor should a transformer be exposed to risk from 
splashes of molten metal, dust, and rough handling. The 
conditions are not greatly improved even when it is most 
carefully protected and cooled by an air current supplied by 
a somewhat expensive compressor plant. The air-cooling on 
the transformer side necessarily increases the heat losses. To 
this must be added the unpractical shape of the hourtli due 
to the presence of the transformer, which increases the length 
of time between heats due to the increased difficulty of making 
repairs. Lastly may be mentioned a most vital disadvantage 
of t.ho induction furnace as compared with the arc furnace, 
namely, the cost of installation. Not only is tho induction 
furnace more costly on account of its complicated construction 
and its character as an olectric rather than a metallurgical 
apparatus, but also because the current supply is considerably 
more expensive with this class of furnaces than with arc 
furnaces. All large induction furnaces with a capacity of 
more than 3 tons require motor generators or separate 
generators when the frequency of the generating plant is 
higher than 25 cycles per second. It is evident that, the 
instalment of motor generators must add to the cost of thu 
electric equipment and of the necessary foundations and 
buildings. 

The olectric generator for an induction furnace must, even 
with installations of medium size, be designed for a frequency 
of 20 or less and for a power factor of between 0-11 to 0 7. 
The machine' must therefore be in the ratio of u ‘ e or to, or 
1'54 times larger than, an equaliser for a three-phase arc 
furnace. On account of the lower frequency the alternator 
will be considerably more expensive. The cost of an equulisor 
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for a three-phase arc furnace with an output of 750 K.V.A. 
at 750 revolutions and 50 cycles is only 43 per cent, of that 
of a generator for an induction furnace of the same capacity. 
Tho lower speed which is required to produce the low fre¬ 
quency of the generator for an induction furnace influences 
the price of the machine tho more unfavourably the greater 
the output of the machine. 

When the current is not supplied by a separate alternator 
at tho generating station but Ly a motor-generator, the price 
is scarcely affected on account of having to instal a motor 
for the furnace transformer. In fact, if anything, it may be 
increased, as such a motor is more expensive if desired to run 
at lower speeds, and it must in any case be adjusted to tho 
maximum permissible speed of tho generator. 

The tirst cost of an induction furnace installation may. of 
course, be reduced by making an extension to the central 
power station instead ot transforming existing electric current. 
In that case, and if the prime movers are blast-furnace gas- 
driven engines, the electric generators for arc furnaces must 
also be designed for slow speed. The difference between the 
cost of an induction furnace and that of an arc furnace instal¬ 
lation will then disappear, but only under the above-mentioned 
conditions. Tho induction furnace transformer always requires 
a separate sot of conductors for low frequency, and also a 
regulating transformer or tension regulator unless a decen¬ 
tralisation is to be carried out, which is not always possible 
and generally introduces economical disadvantages.’ But even 
in the latter favourable case it will hardly be possible to equip 
an induction furnace at the same cost as an arc furnace, and 
certainly not at a less cost. 

In addition to the greater cost of an induction furnace 
there is that of the plant for compressing tho air for cooling 
There also has besides to be added to tho working expenses 
of an induction furnace the wages of two skilled attendants 
(for day mid night shifts) for the special machines—be it a 
separate generator or a motor generator—and to carry out 
necessary repairs. In this respect the working expenses of an 
induction furnace are considerably higher than those of an 
arc furnace, which can be equipped with static oil transformers. 
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Further, rotary machines are likely to run hot, ami the 
insulation of the moving coils is also more liable to puncture 
than that of the windings of a static transformer, built for 
the same voltage. An oil-transformer when once installed re¬ 
quires no attention beyond overhauling once a year. Generally 
speaking, the chance of a breakdown with a rotary furnace 
transformer is double that with a machine in the generating 
station. When the current is delivered direct from the 
generating plant—with or without a transformer—a break¬ 
down is of less consequence, as the whole plant is kept in 
reserve, and, if necessary, another generator may be switched 
on to the furnace circuit. The lime required to remedy any 
fault is therefore considerably shorter. 

Finally, the working oxpenses with induction furnaces aro 
much increased by the low efficiency which, including trans¬ 
former losses, amounts to 72 to 82 per cent., whereas the 
efficiency of a corresponding arc furnace plant is 95 to 99 
per cent. 

Thut the above-mentioned defects of the induction furnace 
are admitted by those who have developed this system of 
electric fumaco is clearly proved by the numerous now 
remedying dovices which are always being patented. Itoden- 
hauser has, for instance, introduced dams or lips in the 
channel-bottom in such a way os to allow only the layer of 
slag to rise above the upper edge of the lip. But the electric 
current is then obliged, at these points, to pass through the 
thin and comparatively bad conducting layer of slag. Another 
inventor has plaeed bridges below the surface of the molten 
metal at the entrances of the narrow lateral channels of the 
hearth, with the object of retaining the slag, so as to prevent 
it altogether from entering them. In another modification of 
this device the lower edges of these bridges are placed at the 
levol of the surface of the bath, or just below it. By this 
contrivance the slag is prevented from entering the channels, 
and any which may havo penetrated into them can easily be 
removed. In order to facilitate repnirs spare interchangeable 
channels of compressed material with special coatings of 
alumina or silicates are kept in readiness for use. How far 
these and other improvements will really prove successful in 
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practice remains to be seen. It is nevertheless interesting to 
observe that the induction furnaces have lately been so much 
modilied os to have lost their original character by making 
them approximate more and more to the arc-furnace type. 

Arc Furnaces. 

The construction and method of operation of arc furnaces 
are now well known, and a considerable number of them have 
withstood several years’ practical test in every rcspoct in 
numerous metallurgical works. 

The principal advantage of the arc furnace consists in the 
ease with which the heating of the charge can be regulated to 
any desired temperature from above by electric arcs directed 
upon thu slag which covers the metal bath. This method of 
heating, combined with other advantages of the electric 
furnace—such as a neutral atmosphere in the molting 
chamber and absolute purity of the heating agent—have 
enabled the production of reactions between the slag and the 
metal with respect both to oxidation and reduction which it 
was impossible to obtain with the resources previously avail¬ 
able. and after a long experience in the working of electric 
furnaces the author has gained the conviction that absolutely 
new processes will in time 1« developed to supplement or 
perfoct the present ones. This question will be referred to 
again later in the paper. 

The readiness with which Lhe are furnace has been adopted 
is not only due to the above-mentioned advjintagos, hut also 
to the fact that the electric conditions permit its construction 
to resemble closely that of the familiar converters and open- 
hearth furnaces. The usual type of aro furnace, such as the 
H. roult, Girod, Keller, Stassano, and others, resemble the gas- 
tirod furnaces in that the heat is applied to the charge at °tho 
surface, the gas-liame being replaced by an electric arc. 

The author has for many years made a special study of arc 
furnaces and their working conditions, »ud he was soon 
obliged to acknowledge the great advantage of electric arc- 
heat.ing. At the same time the idea occurred to him that it 
might be possible to combine the advantage of the arc furnace 
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(good healing of the slag) with the advantage of the induction 
furnace (heating in the charge itself), and thus to avoid the 
disadvantages of both systems. It became evident to t»i»n at 
ouee that the electric currunt offered the possibility of apply¬ 
ing heat not only at the surface of the charge, hut also at any 
part where an intense heat is required, such as in the charge 
itself or especially at the bottom of the furnace. 

The transformation of the electric energy into heat, in the 
substance of the material which Is to be heated is neither 
a contact nor u transmission phenomenon, but a thermo¬ 
dynamical frictionless heating, with 100 per cent efficiency 
even at the highest temperatures. The only losses are those 
title to radiation and conduction. Hence in this process of 
heating the question is not—how much heat is imparted to the 
charge, hut how much of the heat generated within the charge 
itself can be retained therein. 

In the author’s opinion it would be a mistake not to 
take this advantage into consideration. Hesides, the natural 
method of heating consists in applying the heat not from 
above but from below. If this could be effected by some 
simple means then a most substantial advantage over other 
arc furnaces would be gained, as the following thermo-technical 
considerations will show. 

From the practical point of view the best method of 
heating is undoubtedly that which cau he applied with the 
least possible loss, with the greatest possible regularity and 
is so adjustable that the temperature of the furnace can 
lie regulated at will between the required maximum and 
minimum. 

These conditions are badly fulfilled in the simple are 
furnace. The losses through radiation and conduction aro 
considerable, being greater than those in a gas-fired furnace, 
on uccount of the much higher temperature. The over¬ 
heating of the surface is also greater for the same reason. 
On the other hand, the heat losses due to the heating of 
quantities of air passing through the furnace are avoided 
in an electric furnace. 

All these disadvantages are more or loss eliminated in the 
induction furnace, which certainly liest fulfils the required 
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conditions, and the question then arises as to why the arc 
furnace has made more rapid headway than its rival. The 
answer is simple! The problem of electric furnaces in 
technical metallurgy is less concerned with the thermo¬ 
technical side than with the metallurgical side, and the 
metallurgical requirements must always determine the choice 
of the system of furnace. 

The processes which the steel metallurgist Inis to carry out 
iu his furnace may be divided into three groups: 

1. Tho melting process. 

2. Tho retiiling process (oxidation by means of atmospheric 

air, or by iron ore). 

3. Deoxidation or finishing process (alloying), degasifying, 

quietening. 

The induction furnace is only to be recommended when 
it is a question of a melting process, and when its otherwise 
serious defects aro not preventive. Notwithstanding its higher 
thermal efficiency, the working of an electric furnace is too 
costly to enable it to be used ordinarily for a melting down 
process. For purely economical reasons the less perfect 
but cheaper gas-tired furnace is preferable for this purpose. 
On the other hand, for a process of refining motal already 
molted, the arc furnace is particularly well adapted. To 
produce reactions which depend on the reciprocal action of 
the slag and the metal, it is requisite to have a very hot 
slag, and to be able to work with fluid masses of si no in 
large quantity. This cannot be done in the induction furnace, 
and the aro furnace alone lends itself to such operations. In 
finishing the charge, however, the steel has to be alloyed 
with other metals, and must remain quiescent for a period. 
For this purpose heating by un ordinary electric arc is loss 
favourable. The reactions take place only within tho bath; 
tho slag has ceased to react, has become neutral, and serves 
now only as a protecting cover. 

It is, however, impossible to make use of an arc furnace 
for one part of the process and an induction furnace for 
another. The difficulty can only be met by means of a 
combined arc and resistance furnace. 
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The Nathusids Furnace. 

In the author’s furnace the charge is heated on t he surface 
by several electric arcs, so distributed that the heating is 
effected as equally as possible. Heating by means of a 
single arc is absolutely impracticable, because the arc, though 
a very intensive, is a highly localised source of heat. 

It has been said, with some truth, that the urc in the 
electric furnace is a necessary evil. It is necessary for heat¬ 
ing the slag, but its disadvantage is that its temperature 
must at least be that required to volatilise carbon <:>000° C.), 
since this is the essential condition of its existence. 

Since the maximum desired temperature of the furnace 
is between 1900° and 2000° C., it has been the author’s 
endeavour to weaken the intensity of the arc as much us 
possible, and to reduce the unavoidable over-heating on 
the surface of the charge to a minimum. In order to 
effect this he transferred as much as possible of the energy 
required for a particular furnace to the bath, or rather to t he 
bottom of the bath, and the method of healing thus approxi¬ 
mates to that of au induction furnace. By the aid of special 
means for the distribution of the current, it is possible to 
transfer a larger amount of energy to the arcs at the surface, 
or to the bottom electrodes as desired. 

From the drawing in Plate I. it will bo scon that the furnace 
is circular in form. The radiation and conduction losses arc 
thus reduced to a minimum, and the doors allow of a con¬ 
venient access to the hearth for the performance of the 
required metallurgical operations, such os drawing off the 
slag, sampling, or repairs to the bottom. The furnace can 
be tilted by electric or hydraulic means. Small furnaces up 
to 6 tons capacity are tilted on trunnions resting on vertical 
supports (in the same maimer us converters), and larger sized 
furnaces have rockers resting on rollers (like tilting open- 
hearth furnaces and mixers). 

The characteristic of the furnace, as illustrated, is that it 
has three carbon electrodes above the surface of the charge 
which project through the roof into the furnace, and three or 
a multiple of three (3, 6, 9) bottom electrodes of mild steel 
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rammed m the hearth. The upper ns well us the bottom 
electrodes are arranged in a regular triangle. No regulating 
devices or other electrical apparatus, such as transformers or 
motors, are attached to the furnace itself, but these are in¬ 
stalled m a separate well-closed room behind the furnace as 
shown in Plate I. 

The furnace is purely a metallurgical apparatus, and all 
operations may bo performed without risk of burning a motor 
or transformer, or exposing a regulator to dust. 

The carbon electrodes, which require continuous adjustment 
are suspended by cables from overhead runways, and are 
either adjusted electrically or by means of handwheels from 
the switchboard, hrom the room where these are installed 
a good view of the furnace is possible. The independent 
suspension of the carbon electrodes comprises a numl>er of 
advantages; hrst, it allows of tilting the furnace without 
having to tilt the electrodes. The breaking up of the elec¬ 
trodes is thus considerably reduced, as this generally takes 
place when the furnace is being tipped. When tilting the 
authors furnace the electrodes arc simply drawn up; secondly 
by suspending the electrodes from runways they can be’ 

readily drawn away to one side by means of a chain and 
quickly changed. 

The lining of the furnace may be either basic or acid, and 
the roof is built of silica bricks. In a basic furnace the bottom 
and the side walls are lmed with dolomite and tar rammed in 
the usual way It is a good practice to lay a few courses of 
magnesite bricks where the roof and side walls meet. The 
required repairs to the side walls when renewing the roof can 
then be done very quickly. 1« the furnace under considera- 
tion, owing to the good distribution of the arcs and their 
reduced intensity, the local overheating of the surface is not 
so p-cat. When it ,s required to renew the arch the side 
walls must also m most cases be repaired, as the roof and 
the sides bind together. Approximately. 100 heats may be 
obtained under one roof when only cold metal is chared and 
nearly double that number when hot metal is charged ’ The 
fact of the current flowing through the bottom increases its 
durabdily considerably, for it is well known that a thorough 
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burning at high temperature is the best security for a high 
degree of refractoriness. As the bottom itself is heated to a 
high temperature it becomes burnt automatically. For the 
same reason repairs can easily bo made, because the dry 
dolomite mass when thrown on the bottom is immediately 
burnt on. Any hob s retaining puddles of liquid metal, which 
might prevent the burning of dolomite, are emptied to the 
last drop by tipping the furnace to a sufficiently steep angle. 
Slight repairs to the furnace can conveniently be done during 
the interval between two charges. Heavy repairs to the 
bottom are never required. 

Coming now to the electric installation of the furnace: the 
current employed is a three-phase alternating current of 
any convenient frequency. This kind of current is the most 
convenient for metallurgical work, and in its application 
economical as well as electrical and thermo-technical advantages 
are involved. A three-phase current of any frequency may 
be used. Even in the case of melting down cold charges it 
is not required to put down a motor-generator or a separate 
generator. The furnace can be connected direct to a step- 
down oil-transformer, which reduces the voltage of the mains 
to that of the furnace (110 volts). The saving in first cost, 
as well as in working expenses, has already been commented 
<>n. Different systems of connection are employed according 
to the particular requirements of the furnace. The simplest 
and most useful connection when working with Huid charges 
is shown in Fig. I. It will be seen that there arc three 
surface carbon electrodes which are connected to the outer 
terminals of the secondary windings of the furnace trans¬ 
former. and three bottom electrodes connected to the three 
inner terminals of the secondary coil. The three inner 
terminals of the transformer are obtained by separating the 
windings at the nentral point where the three secondary 
windings of an ordinary throe-phase transformer aro connected. 
By this means the neutral zone—if it is permissible for the 
sake of a clearer understanding thus to represent ihe electric 
conditions—is transferred to the hath itself, and the current 
must gravitate from all points of supply towards this neutral 
zone. In other w*>rds, the current, though supplied from a 
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single sourc-e only, is forced to flow not only between the 
upper and bottom electrodes, but also between any upper 



Switch in O |K«ilion=Zert> point in the Iwtb. 

•• )• P r in < >n transformer with iow tanion in hearth electrodes. 

•• *»• •• — *ero point in transformer with high tension m hcartli electrodes. 


Z= Meter. 

U = Switch. 

A=Amperemeter. 
V=Voltmeter. 
W=Watt meter. 


T"=Main transformer. 
Tr.S. = Separating switch. 
q.S.=OU switch. 

Ms.Tr.=Measuring transformer. 
H.Tr.=Booster tr.insf .nnrr. 


Fta. 1.—Wiring Diagram f r Nathusras Furnace, arranged for working with high- 
tension alternating current, and transformer without neutral. 


electrode and any bottom electrode. It is thus possible, with 
a single source of current, to heat the charge in all parts, pro- 
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vided that its resistance is sufficiently high, or that the current 
is strong enough to produce sufficient heat in the charge when 
the resistance is low. 

Experts have expressed doubt as to whether any current 
flows through the bottom electrodes or ovon between tbo 
bottom electrodes of this furnace. Tn Fig. 3, in which (in 
two phases) the course of the current, flowing from the outer 
terminal (1) of the secondary winding of phase I., is indicated 
by arrows and numbers, it may clearly he seen that it is im¬ 
possible for the current to return to the starting point if it 
passes only between the surface electrodes. Hence, with this 
connection, no closed circuit can be established through the 
surface electrodes only. Since tho neutral point is discon¬ 
nected and transferred to the bath, a circuit can only be 
established when an equalising current flows through the 
bottom electrodes as well as through the upper electrodes 
towards the neutral zone in the bath. According to the first 
law of Kirchhoft', tho sum of the currents entering tlie surface 
electrodes must be exactly equal to the sum of the currents 
leaving the bottom electrodes. This proves, without doubt, 
that there must be a passage of current, lietween the bottom 
electrodes when current passes between the surface electrodes. 
Otherwise, the sum of the currents in the conductors of the 
surface electrodes could not be equal to that in the conductors 
of tho bottom electrodes. It might be said that the currents 
are only flowing between the surface electrodes and the bottom 
electrodes, without also flowing between the individual surface 
electrodes and the individual bottom electrodes. This is, how¬ 
ever, impossible, as the current must flow between two points, 
between which there is potential gradient and a conductive 
connection. Since there is a fall of potential lietween any two 
electrodes, and since the electrodes are all mutually in con- 
dnetive connection through tho metal bath, there must be 
a flow of electricity between the upper electrodes and also 
between the bottom electrodes. To obtain a clear conception 
of the electric conditions, it will be well to consider the various 
resist ances and tensions in the furnace. 

In a 5-ton Nathusius furnace the tensions are under normal 
conditions, us follows:— 
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Between the npper electrodes .... 110 volts. 

»* « lower electrodes . ... 10 

>• tt tbP upper and lower electrodes . fi 1 

The resistances are:— 

A. Between tho upper electrodes— 

1. Resistances of two air spaces. 

2. Resistance of two layers of slag. 

3. Resistance of the bath or charge. 

4. Contact resistance between slag and metal hath. 

B. Resistance between tbe liottoin electrodes_ 

I. Covered bottom electrodes : 

1. Resistance between two layers of hearth material. 

2. Resistance of the l»ath or charge. 

3. Contact resistance between liottom electrrsle and hearth 

material. 

4. Contact resistance between hearth material and bath. 

II. Expound Ihottom electrodes : 

1. Ralstonce of tbo metal hath or charge. 

•2. Contact resistance between bottom electrode and metal 
bath. 


C. Resistance between a surface electrrsle and a bottom 
electrode— 

I. With covered electrodes: 

1. Resistance of ono air sjiace. 

2. Resistance of one layer of slag. 

3. Resistance of the metal bath. 

4. Resistance of the hearth material. 

•>. Contact resistance U tween slag and metal hath. 

6. Contact resistance between metal hath, or charge and 
hearth. 

i. Contact resistance between hearth material and bottom 
electrode. 

fi. Exposed bottom electrodes_ 

1. Resistance of one air space. 

2. Resistance of metal bath. 

3. Contact resistance between slag and metal bath. 

4. Contact resistance between metal bath and lx.ttom 

electrode. 
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The tension between the upper electrodes ami between t he 
upper and the bottom electrodes is constant, whereas the ten¬ 
sion between the bottom electrodes depends on the resistance 
between the bottom electrodes. It is now theoretically jjos- 
sible that in the case of covered bottom electrodes, and with 
a cold hearth at the beginning of a run, the tension at the 
bottom may also reach 110 volts, under which condition no 
current could flow between the electrodes. Such a condition, 
however, does not occur in practice, because, as with an open- 
hearth furnace or a converter, a relined electric furnace must 
be heated before it can be started. The bottom will therefore 
soon become a good conductor; its resistance will diminish 
gradually as the furnace becomes warmer, and the tension will 
fall to 10 to 15 volts. 

It is evident that the distribution of the current will be 
considerably influenced by any alteration of the air spaces, 
and of the resistance of the layer of slag or of the bottom 
material. If the charge consists of ore or of scrap iron with 
large air spaces, then the electric resistance of the ehargo is 
quite high enough to generate a sufficient heat in the charge, 
with the usual current of 3000 to 4000 amperes. 

A bettor contact with the charge is obtained with exposed 
electrodes. These are made of mild steel, and. to prevont 
thoir melting, it is necessary to cool the portions outside the 
furnace with water. 

If the charge consists of fluid metal, such ns mild steel, 
then the heat in the bath may be increased by employing 
bottom electrodes covered with a layer of the hearth mate 
rial, as shown in Plate I. This material will then act as 
a heating resistance, and the comparatively low resistance 
of the bath can be increased by taking advantage of contact 
resistance, hysteresis, eddies, or skin effect. 

If this increase of resistance does not suffice to produce 
fhe necessary heat effect in the charge, then tho current 
Mowing between the Imttom electrodes may be strengthened 
by insorting a booster transformer in the circuit of the elec¬ 
trodes. as shown in Fig. 2. By this means the heat produced 
by the bottom electrodes may be regulated from zero to any 
desired maximum, just as the are-heat may Ik> regulated by 
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lifting or lowering the carbon electrodes. By using the 
booster transfonner in connection with a tension regulator 



A—Amperemeter. 

V - Voltmeter. 

W = Wattmeter. 
i— Meter. 

T M = Main transformer with fixed 
neutral. 


P. R. - Potential regulator. 

T*= Booster transformer. 
Tr.S. = Separating switch. 

O.S. — Oil transformer. 

Ms.Tr. - Measuring transformer. 


Fin. 1—Wiring Oiagram for Naihusius Furnace, with tension alternating current 
main transformer with fixed neutral and potential regulator for variable hearth 
heating. 


(see diagram of connections. Fig. 2), the energy delivered at 
the upper as well as at the lower electrodes can be regu¬ 
lated to any desired degree. The regulation is based "on 
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changing tho voltage, is independent. of the actual resistance 
of the current, and is effected by the uso of a double push 
button without disturbing the working of the furnace and 
without switching the transformer out; it is also independent 
of the main transformer. The tension regulator is worked by 
a small auxiliary motor, supplied with energy by a small low- 
tension three-phase transformer. The circuit of the auxiliary 
motor is closed by manipulating one or the other push-button, 
and by moans of a worm-gear the motor turns the tension regu¬ 
lator in either direction, whereby the tension of tho transformers 



is either augmented or decreased. On the release of the 
push-button the motor and the tension regulator stop in the 
desired position. By means of a contact relay the regulation 
of the tension may be done automaticully. Tho same opera - 
lion may, of course, bo carried out without the booster trans¬ 
former. The main transformer must then have an adjustable 
neutral, whose position may be adjusted so as to increase the 
supply of energy to the arc-circuit or to the bottom-circuit, 
as required. A connection of this type is shown in Fig. 3. 

The electric current can thus bo compelled to How through 
the bottom lining and the bath or chargo, as well as through 
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the slag, and a oomparativoly large resistance is brought into the 
electric circuit. The resistance acts as an electric buffer by 
diminishing the unavoidable jumps in the arc-current, and 
thus enables the furnace to be workod either direct from the 
supply mains (if 110 volts is available), or on tho circuit 
ot an ordinary static transformer. The installation of an 
expensive motor-generator and complicated cboking-coils are 
savod. The furnaces which have been in continuous work 
for many years at Friedcnshiitte bear out these statements 
Both the 5-6-ton furnace and the 2—3-ton furnace are con¬ 
nected direct to the supply mains, and have never caused 
trouble at tho generating station. 

The accompanying load-curves also show that the favour¬ 
able methods of connection adopted by the uuthor elimi¬ 
nate the violent fluctuations in the arc-current. The curves 
have been determined by means of a registering wattmeter 
with unequally loaded phases, whereby the effects of the self- 
induction in both circuits (arc and bottom) are eliminated. 

As may lie seen from Fig. 4, in recording tho measure¬ 
ments taken on the 5-6-ton furnace, the total working period 
of each heat Is divided into two or three stages, each marked 
by adding new slag either once or twice. Small discrepancies 
in the curves are not caused by unsteadiness of the arc-cur¬ 
rent. but are due to fluctuations of the primary tension or to 
manipulations of the furnace. 

It will l»e plainly observed that the slate of the bath in¬ 
fluences to a certain extent the fluctuations which occur 
shortly before slagging off. that is when tho bath is par¬ 
ticularly hot and boils while giving off gas.-s; the fluctua¬ 
tions are also considerable after adding slag, because then 
the strongest reaction takes place. 

The cunes show that, at an average load of 350 kilowatts 
at the arc-electrodes, an average load of 60 to 65 kilowatts 
is available at the bottom electrodes (Fig. 8). When the 
electrodes are bare the power in the bottom electrode cir¬ 
cuit is reduced to 42 kilowatts (Figs I and 9). The curve 
in Fig. 6 is the secondary load curve of the arc-circuit of 
the 2-ton ferro manganese furnace when melting down cold 
charges. 
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Fig. 0 shows a load curve from the primary side of the 
transformer for the 5-6-ton electric steel furnace with fluid 
charge. The curve shows the fluctuations in the load, which 
is of importance to the generating station, and indicates that 
the furnace causes considerably less fluctuation of the current 
than a simple urc furnace, although it is only on the circuit 
of a simple transformer. 

The curve in Fig. 7 clearly shows the difference in the 
fluctuations in the case of a simple arc furnace and those 
of a combined arc-resistance furnace. The Xathusius con¬ 
nection is applied in Diagram 1., and that of a simple arc 
furnace in Diagram II. 


O WATT 


jjtam J 


4 HOUKi 


Heat No. IMA (Rammed hearth clectrwles.) 
t 'bulge ...... 540“ kilogrammes liquid turn. »i<-el. 

Yield.62110 kilogrammes material high in silicon. 

Energy consumed ^Deluding losses t 

in transformer and secondary ! UQ*> kilowatt-hours, 
conductors . . . 

Ftti. 6.—Laai| Cunt of a 5-6-lon Nathusius Furnace. 
iPtimary circuit, with combined surface and bottom heating.) 


The cause of these differences will l»e understood on con¬ 
sidering the tension diagram. When the neutral point of 
the main transformer in the Nathusius connection is re¬ 
moved to the bath, the tension between the bottom elec¬ 
trodes is a function of the current flowing in tho arc-circuit, 
U. certain tension fluctuations will be moasuruLle at the bottom 
electrodes when great oscillations occur in the are-circuit. 
Since the secondary phase-tension is at constant primary 
tension, the tension at the arc-electrodes must drop when tho 
electrodes arc short-circuited. Thus the oscillations due to 
short-circuiting of the arcs are damped, and this has a greater 
effect than th6 increase of tho energy supplied through the 
bottom electrodes. 
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Ihe putting in of a booster transformer does not alter 
these conditions, and it is therefore to be observed on the 
curves, tigs. 7 and 8, that each loud peak in the aro- 
circuit corresponds to a load peak in the circuit of the 
bottom electrodes. 

The lines of force traversing the molten steel bath produce 
a rotary magnetic held which causes a rotation of the mate¬ 
rial In the author's furnace a moderate rotation ol the bath 
is attained by leading the current through the large cross- 
section of the bath and in different directions. It is also 
obvious that by distributing the current in the depth of the 
bath as well as on the surface the rotary magnetic field is 
produced throughout the entire bath. In this way not only 
a very uniform heating of the bath is obtained, but also an 
extremely homogeneous product. This advantage is especially 
important in producing alloyed steels. 

The question is now, how can an arc-resistance furnace be 
economically applied in metallurgy ! To give a general 
unswer is of course impossible, as it depends entirely on 
individual or local conditions as to how the electric furnace 
can be applied to the best advantage. 

Taking the case of largo blast-furnaces and steelworks where 
there is available blast-furnace gas, and therefore also com¬ 
paratively cheap current and liquid steel cither from a converter 
or an open-hearth furnace, and where the required grudes of 
steel are not tool-steel, but ordinary steel such as hard materiul 
for rails, structural steel, projectiles, or soft material for tubes, 
plates, hydrogen flasks, Ac., in largo quantities, an electric 
furnace of the same capacity as the converters or the open- 
hearth furnaces is the most suitable, as undivided and par¬ 
tially refined charges can then be used. Whether this is 
possible depends upon whether there is a sufficiently good 
market for the grade of steel to be produced in the electric 
furnace. At Friedenshiitle, however, a 5—(j-ton furnace 
had to suffice, and this was in continuous work for more 
than two years in combination with basic steel works. The 
converters there have a capacity of 12 to 15 tons, of which 5 to 
6 tons arc charged into the electric furnace, and the remainder 
is cast into ingots. The results given in Table I. show this 
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disadvantage very clearly by the long duration of the heat 
and the high current consumption. 

The partially retinal initial charge of the electric furnace 
was of the following average composition:— 


Per Cent. 

Carbon . oiK!7 

Manganese .* 0'« 

Pbospborns . OIKS 

Sulphur .* . 007 


After completion of the re lining operation 
ing average composition:— 

Carbon . . 

Manganese ....... 

Phosphorus ....... 

Sulphur ........ 


it had the follow- 


Per Cent. 
Ml® 
OTO 
0-0U& 

uei 


The method of working is, of course, unfavourable, because 
the deoxidising additions, such as manganese, must ugain bo 
removed which means waste of time and current. 

One question, then, arises whether it would not be possible 
under certain circumstances to work the electric furnace eco¬ 
nomically in direct connection with the blast-furnace or mixer 
and thus dispense with the converter or the open-hearth 
furnace altogether. 

In the preseut state of the electric furnace the author is of 
opinion that such u step would be premature. 

In large metallurgical works cheap producer coal is gener¬ 
ally available. In such cases gas-tiring is always a cheaper 
heating agent than the electric current, even when the latter 
is generated by blast-furnace gas-engines. There is no object 
in performing operations in an electric furnace which can be 
done sufficiently well in a cheaper gas-tired furnace. 

But even if coal is expensive and electric power very oheap, 
say at 0 07 of a penny per kilowatt hour, the question must 
still I>o answered in the negative. In working up direct 
rnetul in an electric furnace by a process similar to the ore 
process in the open-hearth furnace, the refining would take 
too long a time, on account of the large quantities of ore and 
slag which would be required in the neutral atmosphere. The 
control of the large quantity of slag by heating from above 
with arcs would uo doubt be a most difficult problem, and 
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FIG. 9. — I.oad Curves of u B-Q-iot> Nalhutius Furnace. 

I Exposed electrodes In the hearth. Curves taken on secondary circuit. I 
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the refining would bo indefinitely prolonged. Even with the 
cheapest possible power supply the cost of transformation 
would unquestionably be higher than that of heating an ordi¬ 
nary tilting opcn-heartli furnace. 

The author is of opinion that the conversion of pig iron by 
electric means may economically be performed in a heated 
mixer or tilting open-hearth furnace. When an open-hearth 
furnace is charged with hot iron either direct from the blast¬ 
furnace or from a hot mixer it is a well-known disadvantage that 
the whole bath must be kept unnecessarily hot for a long time 
after adding the cold slag additions before an energetic reaction 
cau take place between the metal and the still unfused slag. 

The slag additions might, however, with advantage be 
melted ui a separate furnace, and for this purpose the electric 
furnace, and particularly the combined arc-rcsistancu furnace, 
is better suited than any other because of the high temperature 
attainable and the high resistance of the eharge. The fluid 
slag of the proper composition cau then be charged direct on 
to the metal bath. A violent reaction and disturbance will 
then take place in the bath, and the refining will bu completed 
in a very short time. In large steelworks, with a row of open- 
hearth furnaces at work aud where the demaud for fluid slag is 
continuous, the electric furnace may bo arranged as a kind of 
slag-mixer, which can always deliver slag capable of reaction. 
This method might porhaps be usefully applied in the Talbot, 
Bertrand-Thiel, or Hoesch processes. 

In any case, tho time of the refining process would be 
considerably shortened, while it is evident that the two mollcn 
masses can react more rapidly on each other. The reaotion 
is also certain to be more complete than when tho slag is 
charged cold. Under these conditions it may become possible 
to convert direct metal into mild steel in an electric furnace, 
assuming the electric energy is generated by means of blast¬ 
furnace gas. 

The same method may also be Used with advantage in 
combination with a heated mixer and u tilting open-hearth 

furnace. A third furnace—an arc-resistance furnace_muv be 

added with advantage. Such a combination of furnaces is 
shown in Fig. 10. It will be seen that there are three 
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furnaces. Furnace C represents the hot mixer, B the tipping' 
open-hearth furnace, and A the arc-resistanee furnace. 

The three furnaces are intended to work together in such a 
manner that furnace A contains steel (refined metal III.) 
which has undergone a preliminary refining in the two fur¬ 
naces t' and B. For the removal of the remainder of the 
impurities the hearth is charged with a highly oxidic slag (1). 

Furnace B contains pig iron (medium metal II ) which has 
already been partially refined in a mixer (furnace C). The 
further refining is effected by’ slag 2, now lowor in oxygen, 
from furnace A. 

When the reaction is finished in furnace B the metal (II.), 
the refinement of which is now fairly advanced is charged into 
furnace A, while the pig iron bath I. is treated in furnace C with 
slag 3, now comparatively low in oxygen. The slag in fumaoo 
C is then poured otY, and is a most valuuhle one if the pig 
iron used is phosphoric. At the finish the slag consists chiefly 
of lime, silicic ucid. and phosphoric acid. 

This method possesses many advantages. First, the phos¬ 
phorus contained in the pig iron, and valuable in the slag, is 
not lost. Secondly, all the iron in the slag is reduced, and 
(he yield can thus la; increased. Thirdly, very little or no 
worthless slag need be produced, which saves the expense 
of transport to the waste heap. Lastly, the refining of the 
metal can lie carried practically to perfection. 

For the melting down of ferro-alloys electric furnaces may 
also prove highly useful in large iron and steelworks. For 
this purpi.se the nrc-resistanee furnace has special advantages. 
In order to melt down the expensive alloys quickly and without 
waste or evaporation losses, the heating must bo as uniform as 
possible—conditions which can be realised fully with an arc- 
resistance furnace. The Wost German Thomasphosphate 
Works have a method for melting down and working these 
ferro-alloys in which the material, such as forro-manganeso, 
is to some extent overheated, is kept molten for some time in 
a mixer under the one slag, and is overheated somewhat with¬ 
out loss of manganese through burning or evaporation. 

This process has been used for more than a year at 
Friedenshutte in Upper Silesia, using an arc-resistance 
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furnace of 2 to 3 tons. The furnace is in continuous 
operation, and is employed to melt down ferro-manganese for 
use in the basic Bessemor converter. The gain obtained by 
this process amounts generally to 0*35 shilling net per toil 
of steel, and has at times risen to over 0 4 shilling. It is 
based on the saving of forro-manganose, which amounts to 
about 30 per cent, of tho former consumption when using 
cold ferro-manganese. The saving is effected by the taking 
up of all the molten ferro-manganese into tho bath, and the 
losses in the slag are eliminated. The molten ferro-manganese 
reacts much more vigorously, and a smaller quantity is there¬ 
fore required to produce the same reducing effect as a larger 
quantity of cold ferro-manganese. Lastly, ferro-manganese 
which has crumbled to powder through storage for a Ion« 
time may be used without disadvantage, whereas formerly 
it was considered valueless. 

In Table IV. it is stated that the cost of the former method 
of heating the ferro-manganese in a reverberatory furnace was 
4s. 2d. per ton, and that that of the present melting-down 
process in an electric furnace is 19s. Id. Table V. shows that 
by saving 30 per cent, on the former annual consumption of 
3300 tons of ferro-manganese, the gross saving amount* to 
£8208, 15s. This is a considerable saving in lass than one 
year, duo to the introduction of the electric furnace. 

But even if the costs of current, ferro-manganese, and other 
items wore such that there would be no net, saving, it would 
nevertheless be of a/1 vantage to erect an electric fitrnace for 
the process. By the use of molten and somewhat overheated 
ferro-manganese important improvements are obtained hi tho 
quality of steel, and the working is facilitated. 

The speed of diffusion with molten and slightly overheated 
ferro-manganese is of course much greater than that of cold 
ferro-manganese, the reason being that the reactive capacity 
of the molten ferro-manganese is much greater, and the de¬ 
oxidation of the steel is consequently much more thorough. 
This is proved by tho fact that overblown charges can easily 
be remedied with molten ferro-manganese. Further, material 
containing 0*25 to 0*3 per cent, of manganese can be easily 
rolled without cracking when the charge has been reduced by 
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molten ferro-manganese. while the material from similar 
charges reduced with cold ferro-manganese containing up to 
0'3 to 0*4 per cent, have broken in the rolling-mill. 

Further — what is very important in the manufacture of 
rails—the portion of the molten ferro-manganese which is 
required to alloy with the steel distributes itself much more 
regularly in the iron, as the alloying capacity of the molten 
ferro-manganese is much greater than that of the cold ferro¬ 
manganese. The segregation of the manganese, which other¬ 
wise easily occurs, is thus eliminated. Also the reducing back 
of phosphorus from the slag into the bath when cold ferro¬ 
manganese is used, is avoided. The molten ferro-manganese 
does not come into contact at all with the slag of the steel 
charge, because it is poured straight into the clean stream of 
metal while the converter is being poured. The result is that 
t he desired chemical composition of the final product is obtained 
with much greater certainty, and spoiled charges are avoided. 

Since the adoption of the molten ferro-manganese process 
at B’riedenshutte, the analysis of the converter charges have 
shown a much greater uniformity. 

The foregoing clearly shows that the melting down of 
ferro-manganese in an electric furnace, and its application 
all at once in the liquid state for the deoxidation of basic steel 
charges, is an important metallurgical improvement on the 
Bessemer process. The technical progress of the latter 
method has of late years lieen more in a purely constructive 
direction, such as an improved arrangement of converters or 
transport of materials. In the metallurgical sense, a certain 
stagnation seems to have set in which, rightly or wrongly has 
brought I ho old process into discredit. The author hopes 
that this new method of reduction will serve the purpose of 
restoring its former credit. 

Among basic steel works in Germany which have adopted 
the new process may be mentioned the Friedenshutte Works 
anil the Hosper Works. 

It is obvious that the same process may be applied to Lhe 
basic open-hearth furnace or the Talbot process, when a large 
number of these furnaces are working continuously. The 
saving in ferro-manganese will probably be as great "in these 
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cases, anil an improvement in tho quality of steel would 
result. The new method would also prove of great advantage 
in cases where reduction must take place in the ladle, as in 
the Talbot process. 

Instead of forro-mangnneso alone, one might also melt down 
mixtures of forro-manganese and ferro-silicon or aluminium, 
according to requirements. The result is always the same, 
namely, improvod qualities and saving of expensive flux. 

Ihe author believes that steel alloys of tungsten, chromium, 
molybdenum, ftc„ as used for ordnance and armour plates, 
may with advantage be molted down in a small electric 
furnace and charged in a molten condition. Tin's method 
ought also to be useful in the production of high silicon steels 
and high manganese steels. 

In conclusion, the author must not omit to refer to the 
following applications of the electric funioco :— 

There is a great deal of waste at large tool-steel works of 
valuable steel alloys, such as turnings of nickel, chromium 
steels, tungsten steels, or high silicon steels. This waste 
cannot be melted down with advantage in an open-hearth 
furnace or in a cruciblo furnace. The reducing slag and the 
oxygen of the open-hearth furnace gases would cause a great 
waste of valuable material In a crucible furnace the material 
may absorb carbon from the crucible, and. being too open, it is 
not suitable for charging crucibles. The crucible furnace is 
also too expensive. 

In the electric furnace the material may be melted down 
under a neutral slag and in a neutral atmosphoro. practically 
without any waste and without changing the chemical compo¬ 
sition of the charge. Tho electric furnace is also more suit¬ 
able for open material on account of the easy access and its 
greater capacity compared with the crucible. 

There is hardly any metallurgist who will deny that the 
electric furnace is more porfeot than any other furnace of 
the present day. If. nevertheless, the results in many cases 
have not been so good as might have b«*cn exjtected in the 
hands of an experienced metallurgist, then the reason is as 
has often been tho case in the past—that tho development 
has advanced at a greater sliced than the requirements 

1912.—I 
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Table I. 


Heat 

length of 

Charge. 


End Analysis. 


Kilowatt. 

hours 

No. 

Time 

P. 

Mn. 

C. 

S. 

catte timed 
|jcr Ton. 

188 

hr. min. 

3 o 


0-008 

0-15 

0i« 

0*01 

242 

1NO 

3 

0 


0O1 

Oil 

0-U6 

0 it] 

237 

343 

2 10 

M 

0-003 

0 10 

oi)7 

01114 

236 

:»« 

3 40 


0-IW2 

o-U 

0-058 

0018 

265 

400 

3 10 


OIMC. 

0-08 

0-068 

0111 

242 

488 

2 45 

• • 

0003 

0-115 

0*00 

0H17 

266 

511 

3 

0 


OOl 

0182 

•HI5 

0-01 
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558 

3 SO 


0002 

0-093 

0416 

01*W 
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559 
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0-lo 

0-05 

om 
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582 

3 ao 


Sp. 
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0i>5 

Oil] 
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0 003 

0 13 

<105 

IHII 

22ft 
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3 2*0 
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0 13 
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01)1 
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0-07 

0i« 

01)1 

248 

627 

2 lo 


0004 

o-oo 

OUtl 

o-Ol 
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628 

2 40 


0 006 

0-09 

005 

01)1 

22# 

690 

3 

0 


0-004 

0-10 

0 05 

om 
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G33 

3 15 


0-003 

o-A9 

013 

001 

236 

6«i 

3 10 

*1 

om 

0-13 

0-06 

o-oi 

176 

638 

2 5*1 


0 003 

0*12 

Oi* 

001 
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1139 

2 45 


0-006 

0-00 

005 

om 

130 

641 
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• • 

oflir. 

0-14 

o-oo 

om 
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>447 
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«• 

nix»3 

0-11 

(»fi5 

o-Ol 

l.SO 

14(8 

2 »• 

»• 
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015 
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0 01 
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16-1 
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l.Y» 

918 

2 30 
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2 
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6 
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0-22 
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w> 
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o-16 


r>ii» 
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4* 
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1543 
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*• 


0-166 
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wo 

6 

0 
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Sp. 

Sp. 

510 

468 

7 » 


01)19 

0-40 

118.1 

747 

478 

470 

5 35 

" 

0 0(81 

035 

0 59 


Viold in 
Kilo- 
jarame. 


SOW 

57a> 

Oltsi 

5750 

5410 

63110 

57HO 

5450 

5090 

5520 

5500 

6370 

5400 

5440 

Moo 

6690 

54' ■ i 
5890 
5750 
5700 
8680 
5470 
5210 
5830 
5800 
5850 
5800 
5540 
5400 
5450 
5750 
5750 
5000 

57<l«» 
5850 
all Ml 
5800 
49« o 
4880 
5580 































End Analysis, Tensile Stress. 
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Table III .—Coit of Conrerinun of 1 Ton of J.updd Electric Steel 
in the it-d-ion Xat/iusiiif Furnace. 


With Liqcid Charge. 

Additions :— Shillings. 

Ores (at 29'15s. per ton), 25 kilogrammes ..... 0'72 

Lime (at 12s. per ton). 30 kilogrammes.0'3C 

Sand fat 2s. per ton). 3 kilogrammes ...... n on 

Fluorspar (at 20"20s. per ton), 4 kilogrammes .... O il 

Petroleum coke (at 38s. per ton).012 

Deoxidising Agents - 

Fcno-manganese (00 per cent at lWs. per Ion), 0 kilogrammes 0U6 
Ferro-silicon (78 per cent, at 810*. per ton). 1 kilogramme 0'31 

Aluminium (at £07 per ton), 0*5 kilogrammes . . 0-07 

h’efraetary :— 

Roof (at 12'lQs. per Ion). 100 heats per too .... O’fiO 

Crushed magnesite (at 80s. per toni. 4 kilogrammes . . . 0'20 

Crushed fireclay (at 15s. per ton I, 4 kilogrammes . . . n isi 

Basic material |nt 34s per ton), 15 kilogrammes . . 0 81 

Crushed tire-brick (at 17‘50s. per ton). 4 kilogrammes . OH'. 

£ feet rude i 

(At £14, 10s. per ton). G7 kilogrammes . . . 1415 

Holder (at 1'50s. pertonl ....... O'UO 

I rages.— 

Six hands...I'M) 

Current :— 

250 kilowatt-hours at 0sl8*. . . 7 TO 


Depredation and Interest :— 

10 per cent., .tod ft per cent., on capita! outlay of £5000, intent 

royalties and management charges not included ... 1 '70 


With Solid Charge. 


1733 


Lime (42ts kilogrammes at I -90s. per 100 kilogrammes) . . O'Gl 
Sand (ft kilogrammes at 0-315. per im kilogrammes). . 0'UC* 

Dolomite (82'ft kilogrammes at S'40s. per 100 kilogranimesl 17H 

Fluorspar (0-4 kilogrammes at 2 02s. prr 100 kilogrammes) U'17 

Refractory material . 3 - 3.1 

Coke 12-3 kilogrammes at 3 80 s. per 1(8) kilogrammes) , . oil 0 

Coal for beating ladle (30'0 kilogrammes at 2U'ls per loo kilo- 

gnmn)P!i -»••••• , 0*77 

Electrodes (13*3 kilogrammes «t 30- |wr K« kilogrammes i 4 -no 

Current |7!»' kilowatt-hours at 0sQs.|. . . . 2170 

.."it-64 

Repairs. t . . 370 

Various material*. 


Depreciation and interest on £5000 (15 per cent ), patent 
royalties and management charges not included . 


50 4ft 
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Table IV. —Ctnnparatiov SI oleum n t of Cod*. 

A. Fur nit Pie-heating op 1 Ton ok Ferro-mangancse in rut Furnace 
wini Liike.lt Coal-siring. 

1. Consumption of coal in pre-healing ol l ion lerro-mangancsc when cooJ umi t. 4. 


111 . Sill, per ton. . 1 11 J 

2. Wages per ton ferro-manganese . 1 "1 

3. Cost uf re-lining and repairs of furnace pet tun ferTO-roiuigancse it 01 

I- 10 per cent, linking fund »nd depreciation of furnace at IX!If value and 

330" tons annual consumption of ferru-manganoe. per ton . . n 2 

Heating cost per ton ferro-manganese . . f 2| 


B . Fol Melting 1 Ton ok Ferro-Manganese in the NatHURIUs Furnace, 
I. Consumption ol curieni |er ton of feno-nunganese, Son units, at aliout |d. 4. 


PCTunit. 14 1 

2. Consumption of electrodei per ton ferro-manganese . ... 1 3 

3* Wages per ton fcrro-manganesc f J 71 

f- Re-lining and ivpair* ol furnace |ier ton of ferro-mangancsc . . 0 6 jf 


6 . 10 per cent, sinking fund anil depreciation of plant ol C10U ca[atuJ value and 

231*1 tons annual ooniumptian ol liquid (erru-manganese per ton . . 1 Hj 

Melting costs per ton of ferro-nbiugunese . . . 10 14 

A. Cmt per ton of steel with a consumption of 7*8 kilogrammes of preheated r. 4. 
ferro-manganese, wilii 8 " per cent, lerro-manganese at 45*. 5s. KM. 


per ton ..14 

B. CoU per ton ol steel with a consumption of 5*5 kilogrammes (30 per rent, 
saving) ol liquid ferro-nunganese, 80 per cent, ferru-manganrsr, at 
18 . 5s. lOd. per ton..10 


Saving per ton of steel with liquid term-manganese 0 4 

Table V '.—Edimote of Sarimj. 

Boied on an annual consumption of 3300 tom ul solid pre-healed ferro-manganese and 
80 per cent, lerro.manganese at £8 os. lud. per ton. 

By using one 2-3-ton electric furnace of die special type described, and adding the ferro- 
manganese liquid, a saving of 3" per rent, is effected, that u. with liquid ferro¬ 
manganese, the annual consumption is reducer! to 2310 taus. 

Coil of beating according to statement A= 4s. 2J.1. per ton. 

.. melting „ B- 1 :*, ij,i. 

Tons. 

Furmer consumption of solid ferro-manganese (I er annum . XRIO 
Present 231" 

Annual saving in ferro-mangancse . . . Wn 

4' 1. 4 . 

Representing a gross value of JK.li • £8. 5s. tod. . VJ"8 15 D 

From which deduct— £ j. 4. 

Present cost of metling, 2310 s 19s. IJd. 23* 18 9 
Aro— Former cost ol heating, 3>«»4s, 2)<l. fi!M 7 0 

- 1514 11 3 


Annual net saving 


lidlM 3 # 
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Estimate of profit assuming that a taring of not more than 30 percent. is made l.y liquid 
admixing, that is, that with liquid ferTn-nianguaesr, the animal consumption Is 


Korroer consumption of >ulid 
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DISCUSSION. 

Mr. A. Windsor Rich akiis (London) said that the paper would be 
read by every metallurgist if only to find out if any substantial reduc¬ 
tion in working casts with the electric furnace had been brought 
about. That was the important point lu electric furnace working, 
but after consideration of the question it appeared to him that except 
in those countries where there were large deposits of good iion ore 
anil cheap power the electric furnace was not likely to make very 
much progress. The author admitted that the question of cost was a 
serious one, and from that point of view Mr. Richards wished to criti¬ 
cise the processes suggested by the author. Reference was made to 
molten oxide, and certainly no one who had worked the multen basic 
open-beartli process could doubt tbut such oxide would hnsteu the 
process very much. It was suggested that it should be melted in an 
electric hit furnace, and the fluid oxide pouri-d into a second furnace 
containing the molten metal, and that such a method might be use¬ 
fully applied in the Talbot, Bertrand Thiel, or Itocsch processes. 
There was no doubt tlmt such a method would increase the speed of 
working very much; but that would be achieved at considerably 
greater cost, and it must at the same time be borne in mind that the 
resultant product would not be electric steel ut all, but would still be 
Talbot, Bertram 1-Thiel, or Hoesch steel. L>r. Nathurius went on to 
state the method might be employed with two electric furnaces, one for 
melting oxide and one for refining ; but several considerations arose in 
connection with the proposal to employ two furnaces for making one 
heat, and the expense would make it impossible. Then there was the 
suggestion of employing three furnaces, the three being intended to 
work together, and the third furnace containing steel which had under¬ 
gone u preliminary refining in the two other furnaces, the slag being 
brought liack from one furnace to another. The author suggested 
that the method possessed many advantages, but Mr. Richards could 
only describe it as a maze of operations. Perhaps the mast imjKirtnnt 
part of the paper wits where the author dealt with the melting down 
of ferro-manganese in are furnaces. That seemed to lie an important, 
and useful development which might commend itself to steel workers. 
Reference was made to the fact that there was a distinct gain by that 
process, based on the saving of feiTO-inanguiie-e, and indeed the 
author stated that less manganese was used, u statement with which 
Mi-. Richards agreed. The process would be rendered more etlicacious 
and the resultant steel would be improved. 

Mr. K. C. InnoTHoN (Sheffield) assumed tliat the author’s experi¬ 
ence had been entirely with are furnaces. At the present time the 
original Kjellin simple induction furnace in Sweden was still at work, 
although the owners luul tried several other types of electric furnaces, 
producing a fair quality tool steel. With regard to highest quality 
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of carlion tool steel, with, for instance, 130 per cent, of carbon, it 
remained to be proved whether any type of arc furnace could produce 
such steel. He (Mr. Ibbotsun) was not a basic steel man, although 
he luid seen a good deal of the “ Kbchling-liodenhauser ” induction 
refining furnace, which was working commercially. Four at Luxem¬ 
burg were making excellent steel castings. As to tlie comparative 
consumption of current in induction and arc furnaces, for an equal 
amount of melting or refining the induction furnace was quite us low 
as the arc furnace. There hud been a good deal of theoretical exagge¬ 
ration altont the pinch effect and the non-heating of the slugs in 
induction furnaces. Unfortunately, until recently the induction 
furnace in Great Britain hud not hod a fair chance. At .Sheffield the 
first induction furnace put down was started np with an old altered 
generator which only gave about half the power required. Thu next 
two induction furnace.' were put dowii by an electrician ; the\ never 
had a prujsir lining, ami no results were obtained. At the "present 
time there was an induction furnace in Sheffield in which about 300 
tons of steel hiel been made on trial; but that furnace up till recently 
bad been hampered by so-railed improvements. 

Mr. K. H. Samtkk, Bessemer Medallist, said that through the kind- 
ness of Dr. Nuthusius he had, a year ago, seen the furnace working. 
It oppeored to he working quite satisfactorily, but whether the mtht-r 
eouiplicatod electrical arrangements realised the heating of the liottum 
as claimed, he was not uble to say. At that time the electrodes were 
buried in the 1st tom. He now uoticbd that both buried and exposed 
electrodes were mentioned in the paper; he would like to ask which 
sort were now used in the furnace. He would be rather inclined tu 
think that the use of buried electrodes when melting cold charges 
would damage the bottom, and that viow' seemed to be confirmed bv 
the consumption of 52 5 kilogrammes of dolomite per ton of steel 
given in the cost sheet. He agreed with Sir. Richards that it would 
be a difficult process to transfer slag from one furnace to another. 
The melting of ferro manganese might, be economical for tbe basic 
Bessemer process, where the waste of manganese was very high, hut 
the reverse for the ltusir open-hearth, where the waste was very low. 

Mr. E. Kiutuax Scott (London) thought that the author had suffi¬ 
ciently condemned the induction furnace to abrogate the need for any 
further remarks on that head. He approached the subject from the 
standpoint of an electrical engineer, and would draw attention to the 
statement on pnge 53 with regard to the low power factor, where the 
author pointed out that the electric generator for the induction fur¬ 
nace must, even with the installations of medium sixe, be designed 
for a power factor of between (Ml and 0 7. That meant a good deal 
to the steelmaker, because so much more generator plant had to be 
provided. Certain rotary machinery would improve the power factor 
bat such rotating machinery required looking after. The author, for 
various reasons which were set out at length in the paper, recoin- 
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wended the are furnace, au<l he certainly made out u good ea.se. 
Further, he backed up his arguments with a set of drawings which 
were nut were diagrams but were to scale—working druwings—from 
which any one could make a similar plant. What was specially 
required was a design of furnace which, when working with alternat¬ 
ing current, gave a higher power factor or else used direct current 
from hoinopulur dynamos. A factor which told considerably against 
the induction furnace was tbe pinch effect. In a recent design of 
furnace, the liering furnace, what appeared to lie a successful attempt 
to take advuntuge of the piuch etfect had lieeu wade. When current 
flowed in two adjacent conductors there was a tendency for the con¬ 
ductors to collapse iuwards. In the induction furnace the welted 
wetal wight ho considered as a number of elemental conductors, which 
being attracted to one another wight actually pinch across and stop the 
continuity of current. A large enough current or irregularity in the 
lining of the channel would cause it. Naturally no apparatus could 
withstand effect* produced by occurrences of that kind for any length 
of time. In the Uering furnaces the electrodes were in the refractory 
lining in the bottom, and they were connected with the secondary of 
a transformer. Abuve the electrodes there were two tubes which it 
was convenient to call resistor tubes, uud those were of course fidl 
of metal. When current flowed the metal was pulled inwards by the 
electrical forces, and consequently tended to lengthen. As it could 
not tweape downwards because of the electrodes, it was driven upwards 
to the under side of the blanket of slag. Tbe pinch effect in the 
induction furnace was so serious that it was practically impossible to 
melt a light-weight metal like aluminium, because it broke tbe circuit. 
Heavier metals did not pinch so readily, but all metuls were of course 
subject to the effect. In a piper which he (Mr. Kilhuru .Scott) read 
some time ago on the Hering furnace, certain critics said they thought, 
tiiat the action takiug place in the resister tubes would soon destroy 
the lining. In the April issue of Metaliu ryi< «/ aiul Chrmieul A’/iyi- 
ueerinff, Mr. Hering stated that, as the result, of about six months' 
work, there had been very little wear on the resister tubes ; in fuel, in 
one case, instead of there being wear, it was the other way, and the 
tubes had actually become a little swollen. In any case, whether the 
tubes became larger or smaller, it was a very simple matter to vary 
the current. Another question which had beeu asked was as to the 
effect of leaving tire motel iu over night and allowing it to freeze. 
Would the metul in the tubes break and cause discontinuity ( Expe¬ 
rience showed that the metal did not break across, and so that objec¬ 
tion hud also been met. The arc furnace was certainly better than 
the induction furnace, but the curiam electrode* were troublesome. 
Everything had to be stopped to renew them, and the electrodes had 
a bad habit of hruukiug off iu lumps. The supply of graphite elec¬ 
trodes was controlled by one firm, and consequently they were very- 
expensive. In the liering furnace the electrodes were of metal, 
generally copper; they were fixed to the furnace, and there was prac¬ 
tically no wear on them. The author had mentioned the price of 
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power ut 007d. per kilowatt-hour; but ho (Mr. Kilburn Scott) would 
point out that in Norway the price was about 20s. per kilowutt- 
vear, which represented about 0‘027d. per kilowatt-hour. That was 
the point which the suppliers of electricity had to conic down to. 
For his i«urt, he could not see how it was going to be accomplished 
with fuel power stations as at present designed. Something perhaps 
might be achieved by the adoption of the large-sized .-'team turbine, 
such as the 25,000 kilowatt set manufactured by the Parsons Com¬ 
pany, if used in conjunction with efficient gas fired boilers, such as 
that, of Professor Bone. It might be possible to bring the price 
of current down to 0’03d. per kilowatt-hour by allowing for the 
recovery of the sulphate of nmmouia and other by-products. The 
Bone boiler bad an efficiency of 90 per ceut., whereas ordinary gas- 
fired boilers seldom gave over 50 per cent.: further, the new boiler 
took up only a fraction of the spaee. It might be said, why not 
employ large internal combustion engines? But so long ns such 
engine* were of the reciprocating type the output would he limited. 
11 was not possible to conceive of a gas-engine set giving 25,000 kilo- 
wutL'. A gas turbine might do no, but u gas turbine was not yet 
available. From the metallurgical point of view, the price charged 
for electrical energy in Great Britain was far too high. The only 
way to reduce it was to encourage the large power supply companies 
in every possible way. Municipal plants as at present managed 
would never succeed, as they were handicapped by limitations in 
urea of supply and in being managed by committees of amateurs. 

Mr. C. C. Gow (London) said that Dr. Nat.husius’s paper came at a 
moment when electric furnaces might be said to hove ut last attained 
a sound footing in Great Britain. Dr. Nathusius had brought before 
the Institute a furnace which resembled in many ways other furnaces 
of the combined are ami resistance type, but which differed from them 
only in the unique and ingenious method of utilising a three-phase 
system, enabling the bottom electrodes to work to some extent 
independently of the top electrodes. To satisfy those requirements 
Dr. Nathusius had found it necessary to introduce complications to 
the simple three-phase arc furnoce. The only important advantage 
claimed was the actual generation of heat in the bath itself by the 
passage of a heavy and variable electric current That, it was stated 
was of first imjioitance while the alloying metals were l>eing added! 
As a rule that period lasted about 10 minutes. The heat produced 
by the bottom electrodes might be regulated from zero to anv desired 
maximum, ami to imitate the induction furnace during the period of 
alloying it would be necessary, in a 5-ton Nathusius furnace to puss 
fully 300 kilowatts through the bottom electrodes : the tension of the 
bottom would only be 10 or 20 volta, so thnt the cables uml trans¬ 
formers would have to be constructed to carry current which would 
be enormous for a furnace of such a size. Dr. Nathusius did not sav 
what maximum jxiwer he intended to put through the bottom hut 
unless it was at least several times greater than that expended ut the 
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surface, the advantage claimed was not fully justified. On referring 
to I* igs. 5 ami 8, it would be seen that the alloying was actually 
effected when ouly 40 and 00 kilowatts were being consumed by 
the bottom as against 350 and 220 by the top electrodes. He could 
not see that the generation of heat in the bath and in the bottom, 
equivalent to an average of only 50 kilowatts, was going to be of 
any material advantage, aud certainly would not fulfil the conditions 
aimed at or justify the complicated additions to the simple arc furnace 
and its electrical equipment. With covered electrodes, a great point 
was made of generating the heat in the dolomite itself. That was 
a disadvantage, as the dolomite was likely to alter by further burning, 
as the author suggested, after ramming, and that would undoubtedly 
cause contraction, nnd probably dostroy the solidity of the liottom. 
Again, generating heat in the dolomite bottom itself in a regiou which 
was close to the shell was likely to increase conduction and radiation 
losses very considerably. I>r. Xathusius condemned having to air- 
cool the transformer of an induction furnace. Surely water-coaling 
mild steel electrodes to prevent their melting would he a much 
greater source of beat loss ? 

Mr. A. QrXIKBK, Vice-President, also contributed to the discussion, 
but subsequently sent in his remarks amplified, as u contribution to 
the correspondence on the paper (see p. 93). 

Mr. Waltek Dixon (Glasgow) said that the thnnks of the Institute 
were due to the author for bringing before them details of his 
development in electric furnaces. The time hud gone by when the 
electric furnace was looked upon as a “ fad." It had undoubtedly 
come to stay, but, notwithstanding the various statements and sug¬ 
gestions made as to the methods of working and to cheap power, he 
did not think tho question as to whether it would replace the blast¬ 
furnace or the open-hearth furnace needed to be discussed at the 
moment. The electric furnace did not yet, and was not likely for a 
long time to, enter into competition with those, except under conditions 
which did not, and were not likely, readily to obtain in Great llritaiu. 

The pur|K»se for which the electric furnace had up to now estab¬ 
lished itself, not only as a practical, but as a commercial factor, 
was as a refiner, and for dealing with the higher qualities of steel. 
Further uses in those directions would be, aud were being, found. 

The paper and the discussion gave evidence of the contention between 
those favouring the various types of furnaces, and lie (Mr. Dixon) 
was satisfied that good work could lie done, and was 1 icing done, by 
tho induction furnace, a type which was obviously not favoured by 
the author of the paper, whose good word lay in the direction of the 
arc furnace. He took it tlint the principal point which the author 
claimed in the consideration of liis furnace was that he was able 
readily to use three-phase alternating current by increasing the number 
of arcs on the top of the furnace to three, and that three electrodes, 
or multiples of three, were fixed in the bottom of the furnace, for 
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which certain advantageous claims hint been made. Whatever view 
tiie practical steel-maker took of tlie upjier electrodes, he (Mr. Dixon) 
was quite satisfied that the increasing of the liottom electrodes would 
luirdly be looked upon favourably. Hitherto, u less number than three 
had been viewed with suspicion, and, in considering the three or 
“ multiples of three,” he was reminded of the story of the uon-mtudcal 
gentleman, who. being asked by a friend whether he considered any 
sound worse than that of a flute, replied, “ Yes 1 the sound of two 
flute's!" 

lo his mind, it might be accepted as a fact that the ultimate 
furnace would lie the simplest furnace, and unless the author could 
show that he obtained results giving advantages in regard to economy 
of operation or quality of material produced which could not be 
obtained in other and simpler types, ho doubu-d whether tliat furnace 
would be looked u|s>n with favour. 

The President, in concluding the discussion, agreed that the electric 
furnace had come to stay, hut it was certainly doubtful whether it 
would compete with the open-hearth steel furnace for ordinary pur 
p<«es. For special qualities of steel, there was no doubt it was the 
furnace of the future. In the extension of the field which would be 
occupied by the electric furnace, a great deal turned upon the cheap 
kilowatt-hour, and that was a problem which should be attacked by 
those interested in tbo electric furnace. They would all agree tlutt the 
Institute was much indebted to the nuthor'of the puper. who would 
reply in writing to the points raised in the discussion. H,. proposed 
that a hearty vote of thanks should bo accorded to Dr. Nuthusius. 


CORRKSPOXLEXCE 

Mr. E. Adamson (Sheffield) wrote that In. Nuthusius placed 
great stress upon the advantage of his bottom contact arrangement, 
which would, however, take n great deal of l\eat away from the hath! 

hence the efficiency of the bottom contacts was very low_so low that 

the single advantage obtained, the higher electric resistance in the 
circuits through the electrode, did not justify their use. The advan¬ 
tage o f high resistance was that a short circuit between electiode and 
bath (or a cold steel lump) did not cause such a high current, hut that, 
advantage was only to a very small degree obtained in Dr. Nuthusius’ 
furnace when he used covered contacts, and there was no advantage 
at all with exposed contacts. The conditions necessary to avoid lug 
fluctuations of current were better established in the Soderberg three- 
phase electric furnace, and for Dr. Nuthusius’ furnace there would he 
required nearly twice as much copper in his cables to connect his 
furnace to the transformer or generator as would be used in such a 
furnace as the Soderberg furnace of the same capacity. 

With regard to the mechanical arrangements. Dr. Nuthusius stated 
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that “ the breaking np of the electrodes is thus considerably reduced, 
ns this generally bikes place when the furnace is ln-ing tipped." In 
that statement he was entirely wrong, or if what he stated hud 
occurred, it must hnve been in a very badly designed furnace. 
Electrodes should not break during the tipping of the furnace, more 
especially so if they were properly supported during the tilting by the 
holder and water-mantle, when there was not the slightest strain on 
thum. The actual cause of the breaking of electrodes was generally 
the sudden changes of temperature during the heating np or coaling 
down, especially if an electrode were lifted out from the furnace, as 
must be done with the Xathusius furnace three or four times during 
every charge. It was, of course, a great drawback being unable to 
tilt ii furnace with the electrodes in position, for, in the first instance, 
to lift them right up took a considerable time, and the heat radiation 
from the three white-hot electrodes hanging free above the furnace 
would be very inconvenient, not, to mention the beat loss entailed. 
By keeping the eleetrodes in the furnace, sufficiently clear of the 
charge, the slag was kept so flnid that it would run clean out of the 
furnace. During the working of the furnace, therefore, all the con¬ 
ditions were in favour of the furnace being tilted with the electrodes 
in position. Dr. Nathnsius was right, however, when it came to 
repairs or re-bricking of the furnnce, where a free furnace was of 
great advantage over that, with the electrode holders, and lifting 
motm-s attached. I n the Soderberg furnace all those points had been 
considered, and whilst the furnace could lie tilted with the electrodes 
in position, the whole of the mechanical piarts holding those electrodes 
were built on a trolley, and could be disconnected from the furnace 
and pushed hack, so that the roof could easily be changed nnd other 
repairs made. The arrangement could he seen on the sketch on 
p. 94, and it was both simple and cheap, whilst all the other 
advantages claimed hy I)r. Nathnsius with regard to three phase 
furnaces were embodied in the Soderberg furnace, in addition to 
which the Soderberg furnace avoided any complications with additional 
transformers for the bottom connections and additional measuring 
instruments. 

Mr. A. (Jbkiskr. Vice-President, contributed the following note 
drawn np hy Mr. Nomina, who was specially appointed at the works 
of Messrs, t’ockerill over the electric steel department ami the 
phvsical tests laboratory, in which the hitter stated at his (Mr. 
Drainer's) suggestion the news he held, and in which Mr. lireiner 
concurred, as to the application of the Nathnsius furnace. The note 
was as follows;— 

| Vr. Nathnsius’ remarks respecting the employment of two types of 
electric furnaces, induction furnaces and arc furnaces, were perfectly 
correct and well founded. All evidence pointed to the arc furnace 
being the onlv one to posses* the simplicity of construction which 
rendered it readily manageable and suited to fultil its metallurgical 
purpose, ft was also the only furnace which permitted of the 
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coin plate refining of n material charged with impurities, the induction 
furnace being, at must, only able to eliminate oxidisable substance*, 
thanks to the relatively high fusibility of oxidising slags. The 
removal of sulphur was practically impossible in an induction furnace, 
no matter of what system, seeing that the chemical reaction involved 
necessitated the presence of a slag containing aliout 60 per cent of 
lime and therefore exceedingly refractory. 

The metallurgist required, first and foremost, an up|iarntus which 
should l>e simple in construction, easy to repair and to maintain, and 
equally easy to regulate in regard to’ the supply of heat Above all, 
it should necessitate the minimum cure, precaution, and maintenance! 
All metallurgical operations were apt. to be sudden and to involve 
mishaps. They might be at the mercy of a short circuit, of injudicious 
handling, of ebullitions of steel, or of a sudden break-out of snper 



oxidised slag. It was necessary, therefore, to have a strong and 
simple mechanism, but it was also necessary that the machinery 
should be readily sulmnlinated to the metallurgical operations that 
its regulation should automatically follow the phases of the latter, and 
that, in a word, the metallurgical operation itself should lie the first 
care of the furnace stafT. Now, as regupls the Nathusius furnace, if in 
that new combined system a simple and well conceived furnace wa- 
met with, the installation and electrical equipment conveyed the 
notion of an instrument of precision. Too many complications would 
certainly constitute a difficulty in u euse where simplicity was the first 
consideration, and it seemed to him that the metallurgist would 
hardly view with favour an installation intended for production in 
which so accurate and delicate a system of regulating had of necessity 
to control the whole operation and also each separate phase 

Mr. tSreiner was thoroughly convinced that the theoretical con¬ 
siderations from which the author start cl were exceedingly ingenious 
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und that practice fully confirmed the theoretical eoticlnsans he had 
drawn. For instance, the results given by the author with reference 
to the time and the consumption of electric current in making soft 
steel, as shown in the table, containing as little as O'OOl per cent 
of sulphur and so low manganese, were extremely interesting, and 
had not. so far, Iteen obtained j n so short a time at, Cocket ill’s. 
The system of heating through the hearth simultaneously with 
surface heating, at the same time maintaining nn independent 
regulation capable of varying thu intensity from zero to the predeter¬ 
mined maximum, was certainly it discovery which was, both from n 
metallurgical aud electrical point of view, highly interesting as regards 
its originality. 

The Nathusius furmiee, such as had been described, would noces- 
sarily work very satisfactorily and give excellent results, both from 
the metallurgical point of view and from that of the consumption of 
electrical euergy. But it was a far cry from that to claim it as 
mctallurgicnlly ideal. He was of opinion that a furnace such as the 
• iirod installed at the Coekerill works, where the whole of tin* 
operations could be carried out without preoccupation as regards the 
regulation of the current, and where the apparatus was sufficiently 
strong to resist mishaps and short circuits resulting from -craping 
off the slag and from the introduction of the additions, was equally 
practical in its simplicity. The uuthor hud removed from the 
furnace all the electrical complications which constituted, in his 
opinion, the disadvantage of induction furnaces, but lie had re- 
accumulated them at the side of the furnace, and his installation 
require! constant regulation and most constant, supervision. That 
criticism made, it might he admitted that not only was the conception 
of the furnace interesting, but the practical and economical results 
of the principles upon which the author's contentions were fonndid 
were fully verified. The results which he .->howcd in Tahle |. were 
remarkable. To make homogeneous iron containing 0004 per cent, 
of phosphorus ami 0*01 jier cent, of sulphur in 2 to 21 hours, starting 
from liquid basic pig, was quite a remarkable achievement It was 
impossible to do other than refer to the data given, as no information 
was supplied as to the composition of the charge or as to how the 
steels behaved in the mills. From a point of view of purification, 
the results given were highly interesting, and it might be granted 
that the dimensions of the apparatus, the distribution of the current, 
nnd the construction of the furnace had been very carefully studies). 
On the other hand, in the cost price in Table III. the author 
appeared to have worked under rather favourable circumstances, 
numbly in regard to the consumption of 5-7 kilogrammes of electrodes 
distributed over 3 electrodes, and ulso in regard to 100 heats having 
been made during the life of the roof. But even with those figure* 
the rompari*on of the cost with that obtained nt CockeriU’s, 
where work was only carried out during the day. was of interest. 
Calculation* were baaed on the same price as that indicated by the 
author for the electrodes, the current, aud the cost of installation 
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(se«- accompanying table). It will be seen that the coat as calculated 
by Hr. Nathusitts was not absolutely complete, as it did not include 
the extraneous expenses of the furnace properly so called and in¬ 
herent to its working. Those expenses ought to be added to the cost 
of manufacture. 


Coxt of Manufacture at Cockerin’ a per Ton of Electric Steel. 

(These figures arc derived from a practice extending over 3 years 2 months.) 


Descrip! ion. 

Cost at 
CockeriU's. 

Cost calcu¬ 
lated on a 
Daible Shift. 

Cost at 

Frierienshlltte. : 

Additions Isimilar to those indicated) 
Dcoxidents ,. ., 

Refractory material .... 
Electrodes. 6 kilogrammes at £14, UK 
.. 4 .. at £14. 1(K 

Electro-holders nml cables. 

Wages .... 

Current. 375 kilowatt-hours 
„ 275 

Depreciation, 15 per cent, nn £f*On . 

Shillings. 

1-34 

1-93 

184 

1-74 

0-G0 

2 40 

11-25 

34X1 

Shillings. 

11W 

1- 44 

in# 

Of 10 

2- 40 

8-20 

1-li# 

Shillings. 

17H 

1-ttt 

1-33 

inn 

0-00 

1-80 

7*> 

170 

1 .about m the reparation of the refrac-) 
tory lining, mechanical reparation ( 
of the furnace, and electric repairs . 
and maintenance ..." 
t int of tapping Hadlee, moulds, Ac .) 
Keating of the ladles .... 
Skulls and ingot ends. 4 tier cent, of ( 
the charge . . . . | 

lax* of metal. 3 |ier cent, of the charge 

24 10 

1 -fin 

240 

048 

148 

11*2 

1378 

o-sr. 

2-40 

0 48 

1 48 

192 

1794 


3198 

25-31 



With regard to the other applications of the Nnthustus furnace it 
was unnecessary to refer to the question of tho fusion of oxidising slags 
which, although it might be of use, was at the present time rather 
theoretical than practical. It was otherwise in regard to its utilisa¬ 
tion for the fusion of ferro-inangnuese, as that question was in every 
sense one of up-to-date importance. All evidence showed that the 
electric furnace, utilising a source of heat which, if not reducing was 
in any case neutral, allowed, if certain special precautions were token 
of the melting of ferro-manganese, which was highly oxidiaable out 
of contact with air and consequently without appreciable losses. Mr 
Greiner spoke of the olectrio furnace in general, for all those systems 
could lw employed, and ho would be tempted to add that, for that 
purpose, induction furnaces, such as the Roehliug- Rodenhatuer were 
to he recommended, the utilisation of the current being better and if. 
being possible to enclose them more thoroughly. 
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In any rw, the melting of ferro-mnngnnese for use in leisic steel 
works was carried out at the Rambochcr works by employing the Keller 
furnace, at the UiitchofTnungshiitte by using the Gind furnace, at 
1* riedenshiitte by using the Xnthusiiis furnace, nod finally, at Kiichling's 
by using the Rochliiig-Rodonlumser furnace. It was obvious that 
the use of li<|ui<l Ierm-manganese as an addition possessed important 
advantages, possibly of nn economic, but iu any case of u technical 
nature. It whs necessary, however, to guard against coming too 
quickly ton conclusion in regard to the considerable eoroomy resulting 
from the diminution of the tonnage of ferro-matigancse required by a 
steelworks. But even without that saving the improvement, from n 
metallurgical point of view, which would result from that application, 
wjis distinctly appreciable. The reaction of manganese on the oxides 
present took place slowly when the manganese was in a -olid state, 
and it could be proved tluit it continued in the ladle down to the last 
ingot; its action was therefore far from regular. Further, in order 
that it should Ik? complete under the conditions of current, practice, 
it wils necessary tluit there should he an excess of the reagent, and it 
was just tluit unnecessarily large excess which was economised, ns the 
theoretical quantity required to produce the reaction remained the 
same. The products of that reaction between two liquids Is'camc 
eliminated much more easily, and it was possible to avoid, to a great 
extent, the microscopic inclusions, the presence of which was so un¬ 
desirable iu the steels. All those considerations showed that it was 
exceedingly desirable in lmsic steel works to reduce the oxides in an 
over-blown Instil by means of liquid ferro-umuganese |«ntred into the 
bolle at. the same time as the steel. I»r. Nathusius gave the cost 
price of the fusion of tluit alloy at. tin- Fiii-densbUtte, nnd the saving 
which could be effected per uuuum in tlir case of n saving of HO per 
cent., on a total of H300 tons of ferro-mangaiiese used per annum. 
It might he said, once and for all, that that 3HOO tons uoi res|ionded 
to the production of at least 400,000 tons of mild steel per annum, 
and the author had iu tluit instance selected conditions which were 
highly favourable ns regards the cost price. As a matter of fact, 
the production ou tluit scale—that was to say, 1400 tuns, more ur 
less, per 24 hours —necessitated the fusion of about 7§ tons of ferro¬ 
manganese per dieui, which wns the maximum production for a 
300-kilowatt furnace, ami in those conditions the figure representing 
t.he consumption of energy could be put at about 800 kilowatt-hours 
per ton. But if the production of, for example, 300,000 tons were 
taken—tlmt. was to say, 1000 tuns of steel per day with tons of 
feiTo-iminganese to be" melted per 24 hours—the same 300-kiluwutt 
furnace would hi* necessary and the consumption of current, either 
for melting the alloy or for maintaining it hot, would average from 
230 to 250 kilowatts at least — that was to any, 5700 kilowatt-hours 
per day, or 1033 kilowatt-hours |»er ton of ferro-mangunese In one 
word, while believing that the figure for the cost price of the fusion of 
the ferro-tnnngunese quoted not only by lb*. Nathusius, hut by other 
authors, required to be closely examined, nnd was prolsildv too low, 
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it was incontestable t hat the difference between tin* value of the ferro¬ 
manganese saved, and the cost of the fusion of the carburisor required 
for the liquid addition, was a real and economic one. 

It should, however, be taken into account that each ton of ferro¬ 
manganese less in the ladle corresponded in effect to a ton less of steel 
in the ingot moulds — that is to say, a loss of, let it be assumed, 85 
francs for the net cost of the basic steel, which had further to he 
increased by 15 francs to make tip for the loss of profit on that ton 
of ingot metal which might luive been turned into commercial pro 
ducts. In the case of a 30 per cent, saving in weight (such as was 
obtained in practice), each ton of ferro-manganese saved represented 
therefore a saving corresponding to its price per ton, less— 

(1) The difference Itetween the cost of melting 2‘33 tons (seven- 
thirds) of ferro-manganese and the cost of heating 3‘33 tons (ten-thirds) 
of that alloy. 

(2) The sum of £4, representing a ton of steel lost. If, therefore, 
a cost price of £1 were allowed for the melting of a ton of ferro¬ 
manganese, and a cost of £H for the value of a ton of that alloy, 
then, taking into account that the heating of a ton of solid ferro¬ 
manganese cost -I shillings (the figure taken by l>r. Nnthusius), 
each ton of ferro-manganoso saved would represent— 

& -[(S 3»x£l S :«x4».) + £4]-r £2. ftv <*1. 

It might once again be pointed out that it was probable that 
in practice the cost of £1 per ton was considerably increased, 
particularly in the case of a steelworks in which only a portion of the 
production wns mild steel, and that, if the difference between the 
price of ferro-manganese and that of a ton of steel—that was to 
say, £4—diminished, it, would at once lie Been that the saving 
realised in the weight of the additions were speedily equalised, and 
even surpassed, by the cost of fusion. But it might he repeated that 
even in tluit case the theoretical advantages were incontestable, and 
that only an electric furnace of the Nnthtisius or some other system 
would allow of that method of working lasing applied in steelworks. 

I>r. H. NATHlisirs wrote, in reply to Mr. A. Windsor Kielmrds, 
tluit the process he luul suggested of tninsfening the dag and metal 
in opposite diivetions through several furnaces was intended to Is- 
cai rit-d out on lines similar to those now followed in several large steel¬ 
works, where the metal was passed through n heated mixer (the first 
furnace), un open-hearth or Talbot furnace (the second furnace), and 
one or more electric furnaces (the third furnace). No special electric 
furnace was required for the fusion of the oxides; they were melted 
in the same electric furnace in which the steel was finished. The only 
factor causing increased cast of working as compared with the ordi¬ 
nary method of working was the regular transport of the slag from 
one furnace,to another. But that increased cost was more than com¬ 
pensated for by the gain in rich slag and by the larger yield of metal. 
Moreover, tin- end-product was nut Bertrand-Thiel steel or iioesch 
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stcd, but electric hW|, seeing that it underwent final treatment in 
the electric furnnoe. 

A simpler modification of the process was of course tl<at in which 
the ores were incited down in a special electric furnace instead of 
throwing them on to the bath of molten steel. The ore liecnme over¬ 
heated, ami was then charged into the liquid bath in the opeu-heartli 
or Talbot furnace If severnl such furnaces were available, a larger 
quantity of liquid oxides could be belt! stored in tjie electric furnace. 
Tile furnace might serve also as slug mixer, ami could, if required, be 
used for melting down special mixtures of slug which could not be 
treated in a gas-fired furnace, where the temperature was too low and 
the oxidising atmosphere so injurious. It was not to he assumed that, 
it. was more costly to melt the oxides in the electric furnace than in 
the open hearth, taking into consideration in the hitter case the 
greater length of time and loss uf eliarge tine to the slower melting 
down ami the prolonged action of the molten sing upon the metal. 
With that arrangement the end-product, us Mr. Iticlmrds rightly re¬ 
marked, was not electric steel. But it might nevertheless be taken 
for granted that on account of t he energetic progress of the reaction 
due to overheated and liquid slag, its quality must, lie superior to that 
of ordinurv open-hearth steel. 

In reply to Mr. Ihltotson. the author had never contended that in 
using pure charges, us, in Sweden, the natural conditions permitted, 
good high quality steel could not l>e produced in the induc tion furnace. 
But it was within the author’s knowledge that at cast steel works in the 
I thine Province, Upper Silesia, ami in Austria, the induction furnace 
had been abandoned in favour of the arc furnace, which could only be 
due to practical and scientific reasons. Why high quality tool steel of 
1'3 per cent, carbon could not he produced in the arc furnace was 
incomprehensible to him. 

In reference to Mr. San iter’s remarks, covered bottom-electrodec 
were used both in the 5-ton and in the 2-t.on Nnthnsius furnace at 
Friedenshiitte, nnd that caused no difficulty in melting down solid 
charges. Latterly, at Friedenshiitte solid cliarges of scrap mild steel 
had been continuously worked for weeks, and no difficulty whatever 
hod been experienced w ith the covered bottom-eli>ctrodes and repairs. 
Bare electrodes had only been used for experimental purposes or to 
demonstrate to those interested how they worked. Some stiad-worker* 
were of opinion that bare electrodes were more advantageous in melt¬ 
ing down scrap, but the author did not share that view, although both 
covered and bare bottom-electrodi* could be lined in the Nath nidus 
furnace. It was true, us pointed out by Mr. Sanitor, that the dolomite 
consumption of 52 - 5 kilogrammes per ton of steel in Table III., showing 
prime costs, was somewhat high. This figure was a monthly average, 
anil included the entire remaking of the hearth, which it bnd un¬ 
fortunately been omitted to stutu in tin? table. The normal consump¬ 
tion of dolomite per ton of steel with solid charges was 5 to 8 
kilogrammes, and that it was higher for solid than for liquid charges was 
due to two causes. First, with solid charges the length of the heat was 
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about three time* as long ns with liquid charging. Secondly, the side 
walls, which consisted of dolomite in the Nathusius furnace, were 
moi-e apt to be destroyed in recharging rough scrap, anil small por¬ 
tions of the walls were torn down by the large lumps ns they sank 
down in molting. 

According to Mr. E. K. Scott.carbon electrodes might be dispensed 
with altogether, but that was opposed to the result of all practical 
experience which had been gained during several years with about 
HKJ arc furnaces. The Hering furnace was only known to the author 
through jiatent specifications, and, so far as he was aware, no such 
furnace was working on a commercial scale. The heating of furnaces 
by resistance alone, the author considered impossible on account of 
the low resistance of the bath. So far us the author had been able 
to gather from the patent specification of the Hering furnace, arcs 
played between the surface of the metul in one division and the surface 
of the uietal in another division at a higher or lower level. The 
dividing walls, it would appear, were more likely to absorb the bent 
than the slag, and whether such walls could resist at nil the threefold 
chemical, thermal, nnd mechanical attack, was very open to doubt The 
cost of electric currant at 0'027d. per kilowatt hour, mentioned by Mr. 
Scott surely existed only on paper. In Sweden and Norway prices for 
the kilowatt year only were ever spoken of. 1 u the author's opinion it 
was impracticable to calcnlatc those out for a kilowatt hour, for there 
was no industry which absorbed the full load uniformly the whole 
year round. In holiday time, or when breakdowns occurred, or, in 
fact, whenever the works were not running to their full capacity and 
sink events were quite inevitable—the theoretically calculated price 
would be immetliately raised considerably, and that should not bo 
overlooked. 

In reply to Mr. (low, it was not to be understood that the stage of 
deoxidisation and alloying in the Nathusius furnace, during which 
time increased heat was supplied to the bottom, lasted only ten 
minutes os in the opeu-hearth process. On the contrary, the electric 
refining shonld proceed somewhat like the crucible process, and the 
settling period could be extended to an hour, or longer. According to 
the latest improvements in the electric equipment of Natliusius fur¬ 
naces, up to b0 per cent, of the total energy supplied to the furnace could, 
witli the aid of a potential regulator, be led to the Ixittam-electrode 
circuit. The wear and tear of the bottom of a Nathusius furnace was 
no greater than tluit of arc furnaces which worked with surface heat¬ 
ing idone, as hud been practically proved by more than three years’ 
working ex|>erience of the 5-toti furnace at Fricdenshiitte. A well- 
heated bottom naturally acted as a heat insulator to the inside of the 
furnace and thus hindered on escape of heat from the charge to the 
outside. Why a heated bottom should cause an increase in loss of 
heat by radiation or conduction was incomprehensible. The bottom- 
electrodes themselves in the Natliusiim furnace were not cooled, 
except at that point where the conductors w ere connected to them by 
contact rings. 
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The question of the practicability of several electrodes had beeu 
raised by Mr. l*ixon. This was so natural an arrangement, that it 
seemed hardly to need discussion. Even the «•<instructors and 
advocates of single-phase and single-electrode furnaces (such as the 
< iirod and the Keller types), used several electrodes (ns many ns four) 
in furnaces of larger size, which proved that it must hi- more 
advantageous. If a comparison were required, one only need say 
that a large room could be more uniformly heated by several heating 
apparatus properly distributed thau by u single large one. In the 
latter case it would he unbearably hot in the neighbourhood of the 
large apparatus, and one would shiver in the remote corners. That 
comparison might (letter appeal to a metallurgist than the one 
suggested—between an electric furnace and a (lute. 

Notwithstanding the load curves shown, Mr. Adamson denied that 
any advuntagu accrued from bottom heating, hut he brought forward 
uo fact in snpport of his assertion. As the author was not in a posi¬ 
tion to show his furnace at work, he could only refer to the curves 
taken liy the recording wattmeters to convince Mr. Adamson that 
he was in error. As would be seen from the loud curve of the bottom 
electrode circuit on p. 75, about <10 to 70 kilowatts measured at the 
terminals of the bottom-electrode were actually being put into the 
furnace. That energy could not get lost, and could only lie trans¬ 
ferred into heat, and must, therefore, he valuable for heating the 
chnrge. Mr. Adamson surely did not pro|>ose to combat even the 
principle of the conservation of energy. The Huderlierg furnace to 
which he frequently referred was unknown to the author, who was, 
therefore, unable to pass any opinion upon its merits. 

It had been erroneously assumed by Mr. Greiner that the former 
consumption of 330U tons of preheated solid ferro-manganese per 
annum fur the deoxidation of luisic Beoscmer steel at Friedenshutte 
corresponded to a steel production of 400,000 tons of mild steel per 
year. As a matter of fact, only about 240,000 tons of basic Bessemer 
steel were being produced annually at Friedenshutte—that was about 
900 tons per day—and these were the ligures taken as the basis of the 
i-alculatiou. Yet the saving per ton of ingots was as stated. That 
those were actual working results was borne nut by the statement of 
director Boehm of Friedenshutte, who publicly confirmed them at the 
meeting of the Steel W orks Committee of the Verein deulscher 
Eisenhiittenleute * on I December 9, 1911. It should be noted that the 
Friedenshutte Company are the license-holders and are uot in any 
way interested in the sale of the furnace. Mr. Greiner's calculation 
wus also erroneous as to the reduction of saving in ferro-manganese 
by the amount which, when using more ferro-manganese, as in the 
ordinary method, might have been utilised in making commercial 
ingots. It could not be assume*I that the object of deoxidation 
by means of liquid ferro-manganese was that the end-product 
should contain less manganese, or, in other words, that the 


* Stdhi tt hJ Eis*n t March II, 1912, p. 428. 
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subsequent analysis should show less manganese. The only 
object was to obtain tt wore energetic deoxidation and to avoid 
mechanical losses of forro-imiuganese. But the manganese actually 
used for deoxidation passed as manganous oxide into the slag, and 
in any case was lost, as far as the commercial ingot was concerned, 
whether added in the liquid or solid state. But the chief source of 
waste was the mechanical losses of ferro-manganese particles which 
adhered to the slag. Those were found subsequently os solid lumps, 
the size of a fist, in the Iwsic slag, and were either ground up in the 
mills or they broke the screens. They also sometimes dissolved in the 
slag without coming in contact with the metal, and were enveloped 
in a slag layer, ho that they produced no deoxidising action on the 
uietul. That portion of f c rro- in a nga 11 esc was therefore lost, as far as 
the final product, was concerned, nnd was never recovered in the com¬ 
mercial ingot either. The calculation would be correct except for 
those occurrences, or if it were desired to produce material lower in 
manganese. 

Although the extreme simplicity of the Xathusius furnace was 
admitted, Mr. (ireiner criticised the complication of the electric in¬ 
stallation, which was placed in a separate room. That complication 
existed only in theory, but in practice no working arrangement could 
be simpler. Mr. Greiner would certainly concede that if he saw that 
the ferro-maugaucso furnace was actually served by a single unskilled 
man who regulated the electrodes, charged and tapped the furnace, 
and dealt with the slag. 

The adjustment of the electrodes of the 5-ton furnace, whether 
working vi ith liquid or w ith solid charges, wa~ effected just us auto¬ 
matically as in the Heroult or Birod furnace. Mr. Grenier would 
prolwbly he surprised to see that no one was ou duty in the pluce for 
the purpose of regnlating the so-called complicated electric apjioratus. 
No B]>eciu! attention was required for that. The melter simply adjusted 
the apparatus as desired, and it then continued to run by itself. 
Perhaps Mr. Greiner took exception to the different tensions exist¬ 
ing between the electrodes. It might here be repeated that the 
pressure of 110 volts (of alternating current) between the surface 

electrodes and pressure of 63= volts (alternating current) 

between the upper and lower electrodes were governed by the trans¬ 
former pressure. The electric conditions were therefore precisely 
the same as those of a lleroult or Girod furnace. The employ¬ 
ment of three-phase current did not affect the question in any way. 
The pressures, and consequently the amount of current, were changed 
when required by lifting or lowering the carbon electrode*. The 
tension between the bottom-electrodes adjusted itself exactly accord¬ 
ing to the resistance between the liottoni-electrode*. Where a booster 
transformer with a potential regulator was used, it was adjusted in 
exactly the same manner as the regulating devices for the carbon 
electrodes. That also only required to be done once, and could be per¬ 
formed by the -tod melter without difficulty. The electric complications 
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existed, therefore, in theory oulv, and, just as with the regenerative 
go.—fired furnace the melter must rever.se the uir and gas valves, 
according as a higher nr lower temperature w as required, in a Nathusiu* 
furnace the mdter adjusted quite as simply the arc heating, and if a 
potential regulator were required, the bottom heating also. If the 
regulation of the bottom heating appeared too complicated, the booster 
transformer and potential regulator could lie omitted, and the regula¬ 
tion of the curreut was then as simple as with the Uerotdt and 
tlirod furnaces. For the bottom heating it always ndjustisl itself 
autonmtically. As regards durability, it could only be repeated 
that the cover which had last been removed from the furnace at 
Fiicdenshiittc hud w ithstood 168 charges, liquid and solid. The refin¬ 
ing of basic llessemcr steel up to 0'05 carlain, 0‘08 manganese, 0(K)d 
phosphorus, atid 0 00H sulphur could be performed without difficulty 
in the Nathusius furnace. Its advantage was no doubt to be ascribed 
to the more uniform distribution of the current and the resulting more 
uniform heating and better mixing duo to the formation of a rotary 
magnetic field around every stream line. 
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NOTE ON THE WELDING UP OF BLOWHOLES 
AND CAVITIES IN STEEL INGOTS. 

PART II.’ 

Br J. E. STEAD, iJ.Mrr., K.K s. ( Vick-Ph smock r). 

In the previous note, experimental data, obtained by heating 
and forging steel bars in which cavities had been made by 
drilling showed that if the walls of the cavities were clean 
and bright perfect welding was easily obtained. No actual 
trials had at that time been made to determine whether the 
real blowholes in crucible steel ingots could be os perfectly 
welded up. Experiments have therefore been made to deter¬ 
mine this question, and also whether cavities with oxidised 
walls can be welded up. It is to describe these further trials 
that this second note has been written. 


Honeycombed Crucible Steel Ingots. 

Experiments with a honeycombed ingot of 0‘5 per cent, 
carbon crucible steel were made at the works of Messrs. 
J. H. Andrew & Co. Ltd., with the assistance of the manager, 
Mr. J. L. Potts, and his molter, Mr. Duekenfield. 

Two steel ingots from the same mixture were melted in 
such a way that, one was honeycombed and the other sound. 
The sections of these are shown in Figs. 1 and 2. 

The honeycombed steel rose to nearly 10 per cent, of its 
length after teeming, whilst the sound ingot did not rise, but 
contracted down its central axis 

We may assume that about 9 per cent of the volume of 
the honeycombed ingot was occupied by blowhole cavities. 
The ingots were forged to a smaller size after heating to a 
wash welding temperature, estimated at not less than about 
1100° C., sufficient to melt the scale on the surface, and 

> For Part I. ** journal of tkt !rvn and Stu! InitituU r, lull. No. L p. 54. 
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were divided into two parts. Half of each set of bars were 
reheated to 1100° C. for one hour, and were then rolled to 
bars 1 inch in diameter. The remaining halves were heated 
in the usual way without “ soaking,’’ and were also forgod to 
1 inch round bars. All the bars were “ reeled " after forging. 
Portions of each of them were turned down to prisms of 
l inch, f incli, j inch, and j inch, and through each a hole 
was drilled, so as to make a series of cylinders with walls 
iV inch in thickness. A similar hole was drilled through 
portions of the bars which hod not been reduced in diameter 
by turning. The cylinders thus prepared were cut up into 
a series of rings about J inch in depth. 



Fiat—Section of Honeycombed Fiat—Section of Sound 

Crucible Steel Ingot. Crucible Steel Ingot. 


The object of making these rings was to determine the 
degree to which they could be expanded before breaking, and 
to see if at their outer polished surfaces they would open 
out into seams on being slightly strained. The outer parts 
of the rings were brightly polished, and the rings were 
expanded by driving into them a hard taper steel drift. 

The results need not lie given in detail. It is sufficient 
to state that in no single ring after slight expansion was any 
unwelded steel detected, and in every case whon fracture was 
effected the steel on each side of the parting showed evidence 
of contraction or plastic tlow. We may concludo, therefore, 
that the snr/ac<s of the rings were as sound in the steel from 
the bars of the honeycombed as they were in the steel from 
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the sound ingot, and ns there was no difference between the 
bars with and without soaking, we may Ixs certain that soaking 
after wash welding, in this case at loast, was of no advantage, 
because the forging in the first instance produced as perfect 
welding as was possible, and no soaking afterwards could 
improve what was perfectiou. Although the welding up of 
the blowholes was apparently good, there was, however, a 
great difference in the physical properties of the rings from 
the respective ingots. 

The rings from the sound ingot expanded on the average 
about 50 per cent, more before breaking than those from 
the honoyeombed ingot, a peculiarity suggesting ut first sight 
imperfect welding of the blowhole walls. A careful examina¬ 
tion of the fractures revealed the presence of dull lines of 
microscopic fineness in the rings from the honeycombed ingot, 
while nothing of the kind could be detected in the steel from 
the sound ingot. 

Further, on I lending the broken rings from the honey¬ 
combed ingot, it was found that some portions of them could 
be bent to a greater extent without breaking than others, 
whilst there was not, such variation in the steel from the 
sound ingot. In the cases where fracture occurred on slight 
bending these dull lines could almost always be detected on 
the broken surfaces, but none were present in the portions of 
the same rings which could be bent to a much greater degree 
before fracturing. Obviously these dull lines and reduced 
ability of the steel to extend wore co-related. 

As the steel contained only 0'02 and 0*03 per cent, of 
sulphur respectively, it seemed improbable with sueli a small 
amouut of sulphur that there could be any material segregation 
of manganese sulphide in the blowholes. To determine whether 
there was or not, cross-sections of the inch bars from the sound 
and honeycombed steels were cut and polished, and auto-sulphur 
prints wero obtained on bromide paper (Fig. 3). The results 
showed that the sulphur was distributed evenly in the bar from 
the sound ingot, but was segregated in the places where there 
had been honeycombs in the unsound ingot. Sulphur prints 
taken from a cut section of the honeycombed ingot, itself ulso 
proved that the cavities contained sulphides. We may, l 
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think, ho satisfied in concluding that the dull linos are 
co-related in some way with the sulphide segregation. Finally, 
sulphur prints of the fractures proved that the dull lines 
were rich in sulphides. 

That clean faces of cavities in erucihlc steel can be per¬ 
fectly welded together under treatment identical to that to 



Fig. S.—Auto-sulphur Ur inti. 

which the honeycombed ingot was subjected has been fully 
proved ; we are therefore satisfied that the inferior ductility 
in cross-sections of the bars made from the houeycombed 
ingot was due to tho presence of sulphide of manganese 
threads which prevented the metallic faces from mmplttrly 
coming into contact. 

Blowholes with Oxiulseu Walls. 

During the latter part of tho year 1911 a series of trials 
w'as made, with the assistance of Mr. Parkin, to deiormino 
whether or not artificially formed cavitios with oxidised walls 
could be welded up. It was taken for granted that if no 
carbon were present in the steel, oxidised blowholes could not 
he perfectlv welded. In tho first experiment with a 2-inch 
square steel bar about 8 inches in length containing 1*2 per 
cent, carl ion, u small hole was drilled nearly to the bottom, along 
the central axis. The bar was then heated to redness and 
oxygen gas was blown down the hole, so as to oxidise the walls 
of the cavity. After heating to about 900° C. it was ham- 
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moral, so us to bring the sides of the cavity into juxtaposition. 
The bar was then heated to aud maintained at a temperature 
of about 1100" C. for one hour, and was at once forced down 
to a smaller size. When cold it was nicked at intervals and 
broken at the nicks, and the fractures examined. They indi¬ 
cated imperfect welding near to what was originally the open 
end of the bar, but below this for two-thirds of the length the 
welding appeared to be perfect. 

On microscopic examination of the polished cross-sect ions 
of the parts where welding appeared to be good it was found 
that the seam, originally consisting of oxide of iron, had been 
practically reduced to the metallic state, with the exception of 
minute globular dust-like inclusions, probably of iron or man¬ 
ganese silicate -the residue of the oxidised steel which was 
incapable of being reduced by the carbon. But for thcso 
excessively minute inclusions the welding was porfect. On 
bending a jwlished aud etched section to open the joint, the 
metal at this point being lower in carbon than the surround¬ 
ing mass, extended aud then broke, showing a perfectly 
crystalline fracture, a proof that good welding had been 
effected. 

In a second experiment with the same steel a bar was pre¬ 
pared as above descril>ed, with the exception that after the 
cavity was oxidised and closed the bar was heated to 950° C. 
for three hours. It was then cut in half; one-half was retained 
for examination, the other was reheated at 1100° C. for one 
hour, and without forging, it was allowed to cool. It was 
again cut into two portions, one of which was heated to 
1100 1 C., and then forged down to a smaller size. The other 
part was reserved for examination. Each of the three speci¬ 
mens was sectioned, polished, and examined microscopically 
without etching. 

Figs. 4 and 5,representing magnifications of 330 diameters, 
show that by heating at 1)50° C. the carl*on of the steel 
reduced the iron Beale to metallic iron, which remained in 
separate grains, surrounded either by some slight amount of 
unreduced oxide, or gaseous spaces, or by both. 

On attempting to bend the specimens, the grains at once 
separated; there was no cohesion, thoy had not completely 
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crystallised together—ft result not surprising, for the volume 
of metallic iron is less than that of its oxide. 

Fig. 6 represents the same bar as the last after heating to 
1100° C. for one hour. The drawing shows that the greater 
mass of the reduced iron grains had crystallised together and 
pressed to one side tho intervening gases, and oomjielled them 
to segregate into relatively large bubbles at a considerable 
distance from each other. Tho microstructure of tho joint in 
the third portion, which had been reheated to and forged 
from 1100° C„ was identical with that in the bar of the first 
experiment, which had been heated to 1100° C. for one hour 
and then forged to a smaller size, and is represented in Fig. 7. 



Fin. I.—Section 
through dosed- 
up oxidised 
cairity. Black 
l»rt re proem? 
cinder; white 
part, metal. 



Pic. 6.—Same 
as Fig. I after 
heating fas' 
3 hour? at 
960'C. Dark 
parts are ac¬ 
tual apt CCS 
anti unre¬ 
duced slag 
inclusions. 



Fla. a —Same as 
Fig. 5 after heat¬ 
ing for 1 hour at 
UOtV C. Dark 
parts are actual 
spaces and un¬ 
reduced slag in¬ 
clusions. 



Fit'.. 7.—Same as 
Fig. 0 after heal¬ 
ing to UO"* 
nnd forging 
down to i mailer 
sire. Dark parts 
are slag inclu¬ 
sions. 


The welding was perfect, with tho exception of tho minute 
globular inclusions previously referred to. 

In a third experiment the steel bar was treated exactly as 
in the first, but the bar itself contained only 0-50 per cent, 
carbon. Tho welding was found to be complete, hut tho joint 
previously occupied by tho scale now consisted of c&rlxmleu 
forrite, anil the adjacent steel contained loss carbon than tho 
moss of the steel itself These results show, as was antici¬ 
pated, that if the walls of the cavities are not too thickly 
scaled and a sufficient quantity of carbon is in tho steel, the 
scale itself can bo reduced practically entirely to the metallic 
state, and this can be welded up to the sides of what was 
originally the cavity. 
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It is generally assumed that blowholes, which terminate on 
one side through the outer skin of tho envelope of steel ingots, 
having access to oxidising gases, do get so severely oxidised 
on their walls that no welding of the cell walls occurs, and 
that in rolling out they are simply extended and appear at 
the surface of tho rolled sections as rokes, which penetrate to 
the full depth of the extended blowholes. 

The presence of the microscopic dark inclusions observed 
in the welded joints (Fig. 7) led to the examination of many 
sections of steel which had evidently been rolled from honey¬ 
combed ingots. It was believed that if any of the oxide initially 
filling the blowholes had been reduced to the metallic state 
and weldod to the surrounding steel, similar inclusions would 
l*e discovered. The results of these examinations proved 
l>eyond doubt that in a very large number of eases in steel con¬ 
taining between 0-25 per cent. ;uid 0 5 per cent, carbon, these 
microscopic inclusions were present, and were located in tho 
surrounding layer of ferrite immediately below the lower part 
of the surface rokes. It is only necessary to describe a single 
instance. This was a railway axle, on tho surface of which 
there was ample evidence of pre-existing cutaneous blowholes 
in the ingot, for at intervals there were longitudinal lines or 
fine grooves an inch or more in length. A cross-section 
vertical to the surface, after polishing, was sufficient to reveal 
tho position and depth of these rokes. The depth varied 
from one-hundredth to one-fifth of an inch. The outer enve¬ 
lope was completely decarbnrised, as is usual in low and 
medium carbon steels which have been reheated in an oxidising 
atmosphere previous to forging or rolling. 

There was a complete absence of the minute inclusions in 
this envelope: the stool coutoinod no carbon, hut the ferrite 
immediately in contact with the scale, and for a little distance 
beyond, contained minute globular inclusions, whilst at a 
greater distance the crystals of iron contained none. 

The crystals of one zone penetrated into the other and were 
common to each—in other words, one part of the crystals at 
the border-line contained inclusions, whilst the other contained 
none. 

The following diagraramutie sketch (Fig. 8) explains better 
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than words the appearance under the microscope. 1 ho photo¬ 
graph (Fig. 9), taken at the point corresponding to A in the 
sketch, clearly shows the globular inclusions. 

There can bo little doubt that the ferrite containing the 
inclusions surrounding the remaining unreduced oxide was at 
one time oxide or scale in a blowhole, that this was reduced 
practically entirely to the motullic state by the carbon in the 
adjacent steel, and that the purtieles of reduced iron had 



Fic. 8.—Diagrammatic Sketch ihowing Section of a Roke in a Steel Axle, 
with surrounding of reduced %calc. 


crystallised together and to the steel itself, producing a practi¬ 
cally perfect weld—indeed, on straining, so as to bend the steel, 
there was no opening out at the junction of the two zonos. 
The minute inclusions are the residual portion of the scale 
which could not be reduced by carbon or carbon monoxide at 
the temperature at which tho steel lmd boon heated and 
rolled. 

In conclusion, it seoms reasonable to believo that under the 
ordinary treatment to which honeycombed ingots of steel are 
heated and rolled, internal small cavities or blowholes do 
Iwcomc perfectly welded up, provided there is an absence of 
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sulphide segregations, and that oven when these segregations 
are present, as they are not in continuous lines but occur only 
at intervals, the clean metallic faces between them come into 
contaot ami weld together. 

Tt seems also justifiable to conclude that surface blowholes 
which become oxidised on their walls during the heating and 
rolling of tho ingot, do become more or leas completely 



welded. The conditions favourable to this welding must be a 
sufficiently high temperature, and maintenance of the steel at 
that temperature for a long enough period after the cavities 
have been closed, to admit of tho carbon in the adjacent steel 
being afforded the opportunity to reduce the oxide scale. 

It must be pointed out that much more work is still 
required and trials made with other classes of steel and similar 
steels which have had treatment varying from what has been 
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described in tills note, ns it is certain under some conditions 
the blowholes may not be welded up. 



Flu. 10.—Section along a drawn-out hlawholetshnwing that the 
crystals are continuous from one side to the other. 


The methods described and the observations made will, it is 
hoped, facilitate the work of others who take up this branch 
of research. 



Fig. IL—Longitudinal secti' n'uf.a drawn-out blowhole containing sulphide 
segregation, after polishing anti bending. The datk irregular line 
illustrates where the steel opened out -along a sulphide thread. The 
dark lenticular-shaped portion w a cavity once filled by sulphide ot 
manganese, which became loosened on bending and dropped out 
afterwards. 


In conclusion. I must acknowledge the assistance of the 
gentlemen mentioned in the text of this report, without which 
it would have been impossible to present this note. 


1912.—L 


ii 
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DISCUSSION. 

Professor J. O. Arnold, F.K.S., Bessemer Medallist, said that he 
entirely agreed with the views put forward by Dr. Stead, and it had 
to lie "admitted that occasionally blowholes were produced in the 
course of steel manufacture. He could speak definitely upon that 
point, because he Iwd seen such blowholes. I>r. Stead had produced 
a remarkably lad ingot, and he (Professor Arnold) hoped it had only 
been made for the purposes of the investigation. Assuming that to 
be the case, he could assure Dr. Stead that they had made much worse 
ingots in the University Steel Works at Sheffield, and they were 
quite prepared to compote with Dr. Stead in badness. The points 
raised about low carbon steel might have u very grave application in 
connection with tubes for water-tube boilers. For such pur poses 
4 .inch tubes from Swedish ingots were employed, and a blowhole 
in the ingot produced, in rolling down, minute rooks down the tube, 
and it was possible that, a burst might take place. He had seen 
examples of that in Admiralty and other tubes. From a practical 
point of view it was necessary to remember that in that vital part of 
11 ship, blowholes of that description could uot be welded out. 

The Piiesident, in concluding the discussion on the piper, said that 
he thought the Institute should be very grateful to Dr. Stead for his 
contribution. Speaking as a steel maker, he wus able to assure the 
meeting that steelmakers did their best to avoid the existence of 
blowholes, but, admitting that they did sometimes exist, it was inter¬ 
esting to know that, under certain conditions, they could be welded. 
The subject was of very great importance to those members who were 
engaged in the heavy steel trade, and if Dr. .Stead would extend his 
investigation to Bessemer and open-henrth ingots, steel makers would 
lie grateful to him. He assumed that the investigation with which 
the piper dealt had been carried out on crucible ingots. 


CORRESPONDENCE. 

Mr. W. J. Fostkk (I tarlaston) wrote that, at the lost May meeting 
he took the opportunity of discussing, in writing, l>r. Stead’s piper on 
blowholes, but unfortunately his views had evidently been miscon¬ 
strued. What he intended to convey was that most of the holes 
in iron and steel castings, including ingots, were brought aliout. by 
natural physical causes, due to simple liquid contraction through the 
various stages of cooling after casting, a phenomenon absolutely in¬ 
dependent of blowholes brought into existence by the evolution of 
gaseous matter. He mentioned that because lie thought it would be 
advisable first of all to determine the difference between the two 
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force* (which might lie cither those producing a vacuum or pressure) 
bv which those holes or cavities were formed, so that unnecessary 
investigations for the determination of gaseous in»tu*r in certain 
costing might be avoided. Further, he might odd that when that 
finest ion was discussed between several of hi* friendly critics anil 
himself some few years ago, the question was raised as to the cause of 
the holes in a honeycombed No. 4 pig iron. He then suggested that 
the direct cause of those holes was simply liquid contraction, an-1 
although his remarks were somewhat ridiculed, he was pleased to say 
that Ids friends now fully agreed that the primary cause of those 
holes was no other than liquid contraction. On the other linn-1, it 
would be absurd to attempt to dispute tho existence of gaseous matter 
in a soft overblown steel ingot or casting where an excess of gaseous 
matter was present. In reply to his remarks Hr. Stead suggested 
that if the holes were brought about by liquid contraction, winch if 
internally concealed would necessarily be under vacuum, and assuming 
that there hn.l been no path or channel caused during the period of 
contraction that would allow air to enter-which would undoubtedly 
oxidise the wall or outer skin of the hole—such hole or boles would 
be welded up perfectly. Ue (Mr. Foster) agreed with Dr istea-1 s 
remarks, and thought that if such castings were heated to a sufficiently 
high temperature to forge, they could be welded into a perfectly 
homogeneous mass. That ought to be a good test to distinguish the 
difference between a hole which hud been oxidised by gaseous matter, 
and a hole which hud absolutely been created by liquid contraction in 
a perfect vacuum. With reference to the question of 0-5 per cent, of 
carbon in a steel being capable of preventing internal oxidation of the 
iron in a blowhole under the conditions mentioned !•} Pi. ^ • l% 

(Mr. Foster) was inclined to think that tliat, opened out a field for 
research that required u great -leal of thought from a thermo chemical 

point of view. .... , 

In w-lving a problem of that nature, thermo-chemists had constantly 
to take into consideration the influence of mass. For example, it 
would be interesting to consider the possibility of the redaction <-f 
oxide of iron (Fed ».). which would form the oxidised inner coating -1 
the supposed blowhole. Ho had calculated theoretically that oxide 
of iron was reduced, in a mass "f steel containing 11 •• | H ' r c* nt. " 
carbon, by the following equation :— 


KeUJ, + 3C. — Pc. 1- 4CO. 

The units iu a mass of such a steel calculated by weight necessary 
to be bnm-rht into the sphere of chemical action for the reiluc- 
tion of Fc-O. derived fn-m the oxidation of one unit of the same 
steel would lie the enormous mass of 101 units. I ndei such oondi- 
ti.ms it was difficult to see how complete reduction conl.l pnmblj 
have token place in a semi fused muss of steel of tho carbon contents 
mentioned, particularly seeing that the reaction 

thermic, and l.a-l therefore a negative heat value nnder the coudltions 
mentioned. 
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One unit of steel oxidised :— 

Fej+O*- FejO«= Ififi : 6t:: t : 0-38. 

One unit of stool containing 0 - 5 per cent of carbon:— 
tOO : 0‘5:: 1: 01KIG. 

••• (V3fl unit of oxygen required — 78 units of 0'5 per cent of 
carl sin steel. 

Units of steel required when the following equation was completed : 

Fe a 0 l +2C J =Fe J -t-4c'0; 

thus 

O+C=CO=10 : 12: :1 : 0-75; 

.% "^^-—101 uniu rcquiierl. 

Ill conclusion, he hoped that l>r. Stead would give the matter due 
consideration, us he (Mr. Foster) was of opinion that it would lead to 
a valuable field of research for future investigation. 

Mr. C. H. Hidsdali (Linthorpe) wrote that the members ought 
to be very much obliged to l>r. Stead for having carried out thcee 
further definite and systematic experiments with blowholes and 
cavities synthetically produced and subjected to welding treatment 
under known conditions, as an independent check upon the conclu¬ 
sions which practical men had arrived at from observation in actual 
works experience. It was also comforting to himself to find with 
regard to the points on which Dr. Stead had made pronouncements 
that they were in entire accord with what he (and no doubt many 
others) already held with regard to the effect of rolling on ingots 
under ordinary mill conditions—namely, that the ordinary blowholes 
(invariably present.) liecame for practical purposes welded up. lie 
might add also, from his own experience of steel tanging from a trace 
to 0‘50 per cent, of carbon, tliat even cracks, the surface of which 
wore oxidised—such as those due to rulliug an ingot whilst too 
“ fresh "—did not, in the rolling process, tend to go deeper, hut to 
come to the surface ; changing their vertical to an almost horizontal 
direction, and, unless very deep, scaling or flaking off altogether, 
whilst if too deep for that, they exhibited surface defects, and the 
piece became rejected. He (Mr. itidsdale) had, however, some years 
before to report on some foreign ingots, intended for the manufacture 
of boiler tubes, which contained deep vertical ruuks, oxidised inter¬ 
nally, and in which the particular process of making into tubes had 
left the roaks still almost vertical, and exactly as Dr. Stead described. 
Kelow a small visible surface defect for a considerable distance 
welding had taken place, which when sectioned ami polished was, 
to the eye, apparently perfect, but on etching, ami under the micro¬ 
scope, was clearly imperfect—indeed I >r. Stead's words, “ the seam 
originally consisting of oxide of iron had been practically reduced to 
the metallic state . . and, . . . “ on attempting to bend . , . the 
grain at once separated, there was no cohesion . . entirely described 
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it. That was obviously a cast* where apparent welling up might give 
a false sense of security, as the tube might easily burst when in 
service. He was pleased to see that Dr. Stead’s experiments showed 
that “‘soaking’ after wasb-welding was of uo advantage*—because 
he (Mr. Ridsdale) was of opinion that, though in practice many people 
seemed fond of it, it never did good, but always, if continued long 
enough, serious luuin to steel. Erroneous impressions on the subject 
of blowholes existed in many quarters, and thunks were due to I>r. 
Stead for demonstrating in n clear way mutters which would go far 
to remove some of those impressions. 

l>r. Stead stated, in answer to Mr. Foster's remarks, that it should 
be clearly understood that oxidised blowhole* could only be welded up 
provided the time and temperature were suitable to admit of the 
carbon of the steel reducing the oxide. When an ingot was rolled off 
from a relatively low temperature without reheating afterwords, it 
was doubtful whether the welding up of oxidised blowholes would be 
satisfactory. Reheating in an annealing furnace after the forging or 
rolling would undoubtedly favour the reduction ot the oxide and more 
perfect welding. The remarks of Mr. Foster with regard to thermo 
ehemicul reaction were interesting. It, must be remembered, however, 
that whilst the amount of oxide of iron on the sides of closed up 
blowholes might be exceedingly minute, the mans of the surrounding 
steel was very great. \\ ith carbou, even as low as 0*2 or 0*3 per 
cent, in the steel, there would be an excess of w hat was required to 
reduce oxide films. 

Replying to Mr. Ridstlale’s remarks, Or. Stead stated that the 
quotation he lu»d made had reference to steel which had la*en reheuted 
for three hours at 950° C., but without forging afterwards, in which 
the grains of reduced iron had not crystallised together. Ibe result 
was, however, different in the case of heating the same bar for one 
hour at 1100° 0. In that case the grains had crystallised together, 
but the weld was unsound. After again heating to 1100° C. and 
forging down to smaller size, the unsoundness disappeared, and the 
joint did not open out on attempting to betid the specimen. He was 
glad to find that Mr Ridsdale, as a practical man, had arrived at the 
same conclusions as to the wel<iing-up of blowholes as be (Dr. Stead) 
had done, but he would point out that practical men were far from 
being unanimous upon that poiut, and he desired clearly to point out 
that the welding described iu liis piper was complete only under the 
conditions he had elate. 1. It was possible that under other condi¬ 
tions, such us lower temperature of heating, welding would not be so 
perfect. 
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NOTES ON A BLOOM OF ROMAN IRON FOUND 
AT CORSTOPITUM (00RBR1DGE). 

1‘kEJ.ENTKi. IIV Sm HUGH HELL, HaHT. (Pau-Phemokn r). 

During the recent exploration of the Roinano-British site 
of Corstopitum, one of tho largest masses of Roman wrought 
iron ever found in England was unearthed in 1909, and it 
was to deserilie this that this note was prepared. 

The exploration was organised by a committee of prominent 
arclneologists. with His Grace the Duke of Northumberland 
as President, and Mr. R. II. Forster. M.A , F.S.A., as Superin¬ 
tendent to the actual works. Excavations were conducted 
during the years 1906-1911, and will be continued this 
summer. Full reports have been issued yearly in ArcJurolotjia 
Arliana by Mr. Forster and others. The finding of the bloom 
is described there in the volume for 191U (pp. 240, 2651 

An excellent short account of what was done and dis¬ 
covered in the years 1907-1909 has been written by the 
Superintendent and Secretary. In this account 1 an introduc¬ 
tory statement is given describing the position of Corstopitum. 
This I now propose to quote. 

“ The Roman Corstopitum, though it is situated ubout 
two and a half miles to the south of the into of the Murus 
owes its importance to, and no doubt acted as. a supply hose 
for the soldiers who garrisonod the wall. It lies immediately 
to tho west of the village of Corbridge, on the north hank 
of the Tyne, at the point where a Roman bridge, half a mile 
west of that now in use, carried Dere or Walling Street across 
the river. It was obviously so placed to command the great 
Roman road which formed the line of communication between 
York (Ebontcum), the headquarters of tho Sixth Legion, aud 
the eastern part of the northern province: this road enters 
County Durham at Piercebridge, passes Rinohester ( Vinovia), 
Lanchestor, and Ebcbcster (Vindomora), and here crosses the 

l Contvfttum Rt^ri M tkt Rxiontumi in 19W. By K. H. ranter ami W H 
Knuwto. Newaistle-upon-Tync: Andrew Reid A Cg.. Lid.. IU10. 
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Tyne lo Corstopitum. Thence it continued northwards by 
Risingh&m (Habitancum), High Rochester (Bremeuium), and 
Chew Green into Scotland, and reached Newstead and tlio 
wall of Pius beyond it. 

“ The name Corstopitum occurs in the Antonine Itinerary, 
or Road Book of Roman Britain, as the lirst mttnsio or halt mg 
place south of Bremenium, which seems, at the date when 
this part of the Itinerary was compiled, to have been on the 
northern frontier.” 

In conclusion, in this short report, the authors state " that 
Corstopitum was not an ordinary fortress, but rather a town 
penetrated by military elements. The two buttressed granaries, 
of exceptional size, are distinctly military features, as is no 
doubt the large massivo building to the east of them. Ihese 
appear rather lo have Ikjcii intruded ou the city, thereby 
converting the place into a large depot, a service which it 
probably ooutinued to fultil from the time when Antoninus 
Pius made his advances northward, until Septimius Severus 
similarly conducted expeditions against the Caledonians. The 
presence of numerous coins of later date than A.l>. 200 in the 
granaries possibly occurs in consequence of these buildings 
being subsequently used for other purposes than the storage 
of grain. The repeated tinds of burnt coins dating up to 
A.n. ,"40, and a scarcity for a period thereafter denote a 
destruction by tire, while the absence of coins after about the 
year 385 narrows to within a few years the perils 1 when the 
city was aUindoned. It is, of course, not possible to assign 
these dates to the periods when the various road and Hoor 
levels were constructed, but it is all new evidence to be 
carefully notes 1 as revealing the history of the occupation of 
Northern Britain.” 

In an historical account of the manufacture ot iron in tho 
North of England, by I. Lowthian Bell. 1 it is pointed out that 
“ the labours of Hodgson, Wallis, and others leave little or no 
doubt that the smelting or reduction of iron ore was carried 
on to a considerable extent in this part of tho country during 
its occupation by the Romans. Vast heaps ol iron scoria.* 

I Tit tmJmitri.il Ktnmrrti mf tit Trmr, It tar, amJ Tttt (Repents read tWore the 
British Association in W63I, p. *L Second edition. London, 1WU. 
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tuny be seen on the moors in the parishes of Lunches ter and 
Chester-le-Strcet, in the county of Durham, and in the valleys 
of the Reed and the fyne; on the mountain limestone in 
Northuml>erland. It Is remarkable that none of these are 
very remote from one or other of the Roman stations which arc 
scattered over those two counties. The same observations re¬ 
specting an early use are, to some extent, applicable to the lias 
ironstone, and no doubt proper investigation would indicate a 
similar state of things wherever iron ores were near the surface, 
and the state of society required tho metal they contained.” 

The following metallurgical notes by Professor H. Louis 
wore included in tho general report for 11)09 (ArthiroltMjia 
A'liaiui, 1910, p. 205), in which he gives the results of his 
personal investigations, and an opinion us to the origin of the 
iron bloom:— 


NOTES BY PROFESSOR HENRY LOUIS. 

“Tho most interesting ohject found was a block of iron 
(sec 1 late l\. Fig. 1), 3 feet 4 inches long l»y 7 inches 
square at one ond, which was rough and rather sfiongy, 
tapering down to ubout 4$ inches square at the other ond 
which was well rounded, iu order to got sumples for metallo- 
graphic examination, pieces wore cut out with chisels and 
hack saws; underneath a superficial skin of hard rusty scale, 
about $ inch thick, the uietal was found to be quite clean, 
sound, soft and tough. To obtain samples for chemical analysis, 
J-inch holes were drilled about 10 inches from the smaller 
end and 2 inches from the edge of tho block; for the lirst 
1J inch the metal was clean and sound, hut on dr illing 
deeper, the interior of the bar was found to lie honeycombed 
and spongy. Only the outer sound portion of the metal was 
subjected to a complete analysis, 1 which gave the following 
results: — ^ 

Carbon. 

Silicon . 

Manganese 

Sulphur 

Phosphorus 

Silica in the form of slag 



Per Cent. 

• ♦ • 


• ♦ • 

. nil 


. nil 

• • • 

. 0 COS 

• * . 

. troes 

• • 

. 0 32 


Armstrong College. 
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“The inner spongy portion of the block contained 0'14 per 
cent, of carbon. 

“ The uiiurosl ructure showed characteristic grains of ferrite, 
with the planes of separation of the crystals very well marked. 
Some of the grains of ferrite show a well-defined series of 
parallel lines running across the crystals. The outer edge 
of the sample shows a small quantity of pearlito between tho 
grains of ferrite; there are also numerous patches of slag, 
generally elongated in the direction of the longer axis of 
the block (see Plates II. and III.). 

I havo little doubt that this block was made by welding 
together comparatively small lumps of iron produced by a 
direct reduction process in small charcoal tires; there is no 
reason why the ores employed may not have been the local 
blackband ironstones of the carboniferous series, some of 
which outcrop in this part of the country. The block of 
iron was probably used for an anvil, and 1 am inclined to 
think that the iron was probably smelted in the woods, near 
the outcrop of a seam of ironstone, and was brought into 
the Corbridge settlement to be there worked up and forged 
into various articles; the anvil block would in that case have 
been used for such forgings." 

Chemical analyses and microscopical investigations on the 
bloom hnvo since been carried out by Dr. J. E. Stead, F.R.S., 
who has kindly suppliod the following details: — 

NOTH BY I hi. J. VL STEAD, F.B.S. 

The bloom measured 39 inches between the extremities of 
the metallic portion; its diameter at the widest port was 7 by 
8 inches, and at the smallest part 5 by 4 J inches. It weighed 
3 cwt. 8 lb„ but as it was thickly coated with rust, and contained 
oxidised slag in the hollow upper part, also much imprisoned 
slag, it is probable that the nett weight of the metallic part 
was not more than 3 cwt. 

On close examination of the external surface, there was 
evidence that the bloom had lwien built up and welded in 
sections os suggested by Professor Louis, as the terminations 
of some of the la|« could he easily seen. 
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As it was of great interest to find out exactly how the mass 
hud been built up, whether tho several pieces used in its 
construction were homogeneous, and whether the welds hud 
been well made, the committee decided to have the bloom 
sawn through its entire length so that a thorough examina¬ 
tion could be made. The bloom was therefore sent to 
Middlesbrough, and Messrs. W. Shaw & Co. having kindly 
consented to do the sawing by the aid of their powerful 
band saw, it was removed to the Wellington Foundry, where 
it was cut under the superintendence of myself and my 
assistants. 

Owing to tho presence of enclosed slag there was difficulty 
in sawing it, so much so that before the sawing was com¬ 
pleted no less than six band saws were required. The sawings 
from each 0 inches of bloom cut were reserved for separate 
analysis. 

The cut faees were planed, polished, and photographed, and 
were afterwards etched with a 20 per cent, solution of nitric 
acid and water, and were again photographed. An auto- 
sulphur print was taken of one of the faces previous to 
etching with uilric acid, and this showed considerable darken¬ 
ing corresponding to the parts where the imprisoned slag was 
located, but a very slight and uniform colouration throughout 
the wholo area of the metallic portion. This is reproduced in 
Plato IV. Fig. 2, showing that, while the metal contained a 
very minute quantity of sulphur, the slag was rich in thut 
element, a result confirmed afterwards by analysis. After the 
faces had been strongly etched, it was easy to trace the lines 
of welding, not because of the imperfection of the welding, 
which was geuorally very good indeed, as can be seen by the 
photographs, but on account of the slight physical difference 
in character of tho metal on the sides of the junctions. In 
order to show how the mass was built up, careful tracings 
were mado by Messrs. Harrison and Jobson of Middlesbrough. 
These are reproduced in Plate V. Figs. 1 and 2. From 
these sections it is perfectly clear how the pieces were joined 
together and the bloom built up. In general terms, slabs 
approximately lenticular in section were employed. After the 
smaller end was mode, the piece at this stage probably hud u 
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similar appear unco and shape to the upper end of the bloom 
in the condition in which it was found in the furnace with 
projecting taper pieces. After forming tho foundation piece, 
two slabs must have beeti inserted rw-A-tn* and the mass then 
heated to wolding temperature, after which it was removed 
and welded by hammering, but by what kind of implements 
there is no evidence. Step by step this process was repeuted 
until the bloom of the size and dimensions as described were 
obtained, plus, of course, the portion which had been remover! 
by subsequent rusting. 

It seems probable that tho bloom was in course of further 
development at the time it was left in the furnace, a conjec¬ 
ture justified by the projection of the pieces of metal at the 
upper or thick eud, the fact that it was this end that was 
uppermost in the furnace, anti also to its very unfinished char¬ 
acter. The presence of large cavities in the central shaft of 
the bloom clearly proves that the mechanical foroo used in 
welding it was not great, probably because there were no 
powerful agencies available. 

On examinin'' the etched sections there were noticed certain 
areas coloured brown, ami those on microscopic examination 
wore provod to contain betweon 0*5 and 1*5 per cent, carbon, 
and analyses taken from these areas by drilling gave carbon 
respectively 0'75, 0 SO, and 1*6 per cent (See photomicro¬ 
graphs, Plate VI. Figs. 1 and 2.) The metal at these points is 
really steel, possibly produced by the carburisation of the sjiongy 
iron initially produced whon the ore was being reduced in a 
charcoal tire, and probably tho result of accident rather than 
design. The upper central portion of the bloom was little 
better than a mixture of iron and cinder, similar in character 
to a spongy ball of puddled iron. The analysis of the inter¬ 
posed cinder proves that the cinder itself is not a refuse slag, 
hut probably oxide produced l»y the oxidation of almost pure 
iron, which might Ik; the result of heating a large numlier of 
small pieces of the iron preparatory' to welding. 

The photographs in Plate VII. Figs. 1 and 2 represent the 
character of the metal at points A and B, natural size. In Fig. 1 
showing the homogeneous part there is striking evidence of 
the almost complete absence of included slog, which is most 
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remarkable in view of the fuel that the thickness of the metal 
at tliis part was so great (measuring 4 inches); ami one can 
only conclude that the whole of this was obtained from a 
single mass of spongy material worked up in the furnace itself 
by pressing and squeezing during a considerable period, and 
not produced by the welding together of several separate 
pieces. 

Plate VII. Fig. 2 indicates u very different character, as 
the amount of enclosed cinder is excessive. It probably re¬ 
presents what the sounder metal really was previous to the 
process of squeezing and proper working. 

Tht Furnace in which thr Bloom was /mind .—Judging from the 
description in the full Report for l'J(J9 by Mr. Forster, 1 the 
furnace was about tt feet in diameter, circular in form with a 
narrow opening in front; the depth is not given, but,judging 
from the illustration shown in Plate VIII., it was about 5 feet 
from the top of the wall to the hearth. 

In a communication since received from Professor Louis 
who was privileged to examine the furnace and surroundings, 
he states, when referring to the so-called *' furnace ":_ 

“ Whatever it was, I aui convinced of one thing it was not, 
and that is a smelting-furnace. The walls were made of 
rough stone set in common clay reddened by heat, that is to 
say, which had been heated somewhat above the temperature 
of dehydration of the clay, but had not been thoroughly 
burnt in the sense that an ordinary brick is. If this clav 
had been exposed to a welding heat it would have been 
fused, or at any rate vitrified. It is barely possible that the 
structure as it stauds might have been ihe outer wall of 
a furnace, from which the inner lining or furnace proper 
had been removod, but the absence of tuyere holes seems to 
me definitely to dispose of this hypothesis. I now imagine 
it to have been the substructure of a forgo used in welding 
up the bloom: the bloom will have been stood upright in the 
middle of the wall and secured with stones, clay. &c.; round 
the upper part of the bloom that wus being forged, a light 
wall, probably of clay, will have been built, and into this clay 
will have been built two or tbreo of the clay nozzles found at 
» Ankaelagia Atlia**, Third Seric*. lUlu. *oL n. pp. $ 40 , ^ 
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Corstopitmn (see .sketch, Fig. 1); by this means a welding 
heat will have been got round the upper part of the bloom, 
when the upper wall would probably be pulled down and the 
bloom hammered. A number of these clay nozzles were found, 
a photograph of some of these boing appended (Fig. 2); they are 
very like what I havo seen used in the Far East for similar 
purposes. I also send you throe photomicrographs (Plates II. 
and III.) taken in our laboratory, which enabled me to determine 
the nature of the iron. I have little doubt in my rniud that the 
ore smelted was from the outcrop of the local blackbands; 



Fic. 1 —Section through Furnace, showing j cobabk method of (urging 
the mass of Irun. 


thero is, for example, a famous bed of ironstono just below the 
base of the coal-measures proper that was worked for many 
years in the Derwent valley, not many miles from Corstopi- 
tum, and other similar deposits outcrop all round about that 
site (see accompanying map, Plate IX.), Tho well-known 
Ridsdale ironstone, mentioned above by Sir L Lowthian Bell, 
forms a conspicuous band that, actually runs across the Roman 
road and is close to the site of the Roman station, Habitoncum ; 
this oould well have been a source of the iron in question 
Obviously if iron were made direct from an ore such as I 
have suggested, the iron would be low in phosphorus, which 
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element would pass direct into the slag (vide analysis of 
' Cinder from Cavity’). I have conjectured that this block of 
iron was intended to be used as a stake anvil, and I still hold 
this to bo quite possible. In this case the lower end would 
have been undergoing repair or being lengthened at the time 
that it was left. 

“ I am quite convinced in my own mind that the origin 
that I have assigned to this iron is correct, and can see no 



Flo. 2.—Nonlei made of Baked flay, found clow; to Force at CoMtufdtum. 


argument at present against it. It is quite certain from 
what. I have seen of direct process work, that if this were a 
smelting furnace site there wotdd have been a considerable 
accumulation of slags round about it, and I cannot l>elieve that 
the careful search I made would not have found any had such 
existed ; it seems to me much more natural that the Romans 
smelter! their little balls of iron with charcoal at or near the 
outcrop of the local ores, and transported the cakes of spongy 
iron thus produced into the town of Corstopitum to be worker! 
up. I have seen quite similar operations in India : the famous 
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Delhi Pillar 1 is supposed to have been made in the same way 
as I am supposing was used for this Roman bloom. There 
seems to be no good reason why the practical Romans should 
have brought their ore and charcoal iuto the township to 
smelt them there, instead of building smelting worts on a 
more convenient spot, as the condition of the country appears 
to have been peaceable enough to allow them to carry on 
their smelting operations in the woods." 

The sawings, as they left the machine, were mixed with tho 
lubricating water solution of soap and particles of free cinder. 
After separating tho free metal with a magnet the cinder-freed 
iron was washed with water, then alcohol, and finally with 
ethor; and after drying was analysed. The six separate por¬ 
tions were tested for carbon and phosphorus, and equal portions 
of each were mixed together for more thorough analysis. 


CHEMICAL ANALYSIS. 
By J. E. Stead. 


Atutlyni* of Separate Portion*. 



I^rwrr End. 


Top End. 

1. 

a 

3. 

4. 

a 

Per Cent. Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Carbon 007 

it-02 

0-025 

OH75 

0*395 

Phosphorus DOSS 

oots 

oorn 

0it4Ii 

0 041 


A rrrtpj e A naly*i*. 
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Carbon . 



. «<W7 





. 0«U 


Silicon . 



. (ilMfi 


Sulphur . 



. <1 025 


Phosphorus 



. 0-014 


Arsenic . 



. it om 


Copper . 



. OHIO 


Cimirr . 



O.TSO 



1 See the interesting paper by Sir Robert Ita-lftrUI no -Sinhalese Imn awl St re I of 
Andrnt Origin.'* contributed I • the present meeting uf the Iron and Steel Institute. 
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Analysis of cinder separated from the metal at point A 
the diagram and from ono of the cavitios:_ 


Iron . . 

Silica , 
Phosphoric add 


Point A. 
Per Cent. 
. 69-30 
. 060 
. 0-09 


From Cavity. 
Per Cent. 

10-fiO 

042 


liu*t and Cinder mixed from Top Kntl. 


Peroxide of iron. 
Protoxide of iron . 


♦ 


4 

Per Cent 
58-000 
21 -407 

Protoxide of m&nganexr 


♦ 



0 309 

Alumina . . 





1 -24ti 

Lime .... 
Magnettn . 




♦ 

0 800 

0 596 

Silica .... 
Snlphnric add . 


• 



7-450 

OTTO 

Sulphur 


• 



0-364 

Phoxphoric acid. 


• 



0-174 

Oxide of copper . 




• 

trace 

Potaxb 





0-077 

Soda .... 




• 

0 199 

Arsenic . 





0 030 

Chlorine ... 





0-385 

Carbonic acid . 
Combined water 





3*300 

6180 


Iron . 
Sulphur 
Phojpborui 


99-980 
Per Cent. 

crus 

0068 

0076 








Plate II 



Fig. 1.—Roman Iron font Crrstopitum. Magnified 2S0 diamr.eiv. 
PtUiktH and pholografhti h /. A'trr, Natamter 5,1900. 
(Louts and Dean.) 



Fir.. 2.—Roman Iron from Corstof itum Section stoning Slog and Ferrite. 
Magnified 160 diameters, 

(Louisand Dean.) 






Plate III 



Roman Iron Iiom Corstopitum. Section showing Ferrite only. 
Magnified I fit) diameter*. 

(Louis anti Dean.) 





Plate IV 



Flu. 1.—Bloom of Roman 
Iron found at Corstopi- 
tum. Length of metallic 
portion freed from rttit, 
3» inches; thickness. ' * 


8 inches and 4} x Sint hes. 
Weight, 3 cwt. 8 lb. 



Flo, I.— Auto-sulphur Print 
from Specimen previous 
to etching. 

(J. K. Stead. | 









Plate V 



Fig. J. Fic. & 

Photographs of Drawings showing how the Roman Bloom was built up. 
ith natural site. |J. K. Stead.) 





















Plate VI 



Fig. 1.—Polished only. Ccmentite is in relief. 



Fig, 2. —Etched with picric acid- The white (Arts iire Fc^C, ibe dark (jam sorbite, 
anti the ground mass is ferrite. 

Section* ftom Roman Mourn Steel containing 1 H per cent, of Carbon, showing evidence 
of segregation of Fe*C, and that the last heating of the bloom wu prolonged 
between 70(1* ami 800" C. (]• E- Stead.) 









Plate VII 

























Plate VIII 



Kciiinini of furnace in which the ltloom wa« found. 


























Plate IX 



t. Corstopitum. 

2. RiisduJt*. 

3. tlareshaw 

4* Bellingham TolL 


XXX 


5. The Belling. 

6- Chesterbolra. 

7. Chester* ood. 

8. Apprrley and Hedlejr. 

The principal outcrop* of iron ore are shown in rcil. 

Many outcrops of clay ironstone on thro- moon, and remain* of ancient slag heap* 


9. WhittonstalU 

10. Con sett. Ac. if. Wytam. 
11 - Lritimmgton. 

13. Hrinkburn. 


Map thawing position of Corstopitum and tt-vt known Iron Ore Outcrops in the snrroumlin. nnmi,. 
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DISCUSSION. 

Sir Hugh Bki.l, Bart, Pant-President, in introducing the paper, 
said that the actual ingot, or half of it, woe in the room, the ingot 
having been cut in two. While he had been investigating the subject 
of the paper there had been some correspondence upon the subject 
with those interested in questions connected with the early manu¬ 
facture of iron, and lie hoped that some of that correspondence would 
apiienr as part of the Proceedings. 


CORRESPONDENCE. 

Professor Henby Lol l8 (Newcastle) wrote that he had one or two 
remarks to make with regard to the paper, in which he was much inter¬ 
ested. The point which Sir Hugh Beil hail rained as to whether the 
iron was made by the indirect or the direct proce ss was one upon which 
everybody did not agree, but ho, personally, was quite in agreement 
with the view of Sir Hugh Bell, which had been his own view from the 
beginning—that the iron was made by the direct process. There was 
no real evidence that the Romans knew cast iron, except as produced by 
accident now and then. Iron (und steel) was the material most natu¬ 
rally used and sought after throughout tlie ages, because it was a good 
fighting material, but east iron was not. known until well on in the 
sixteenth century. The well-known author Agricola, writing about the 
middle of the sixteenth century, described the process of making steel 
by immersing wrought iron in a bath of cast iron, but the requisite 
cast iron bad to be produced by a very special and round-about 
process. Cast iron was not produced in the ordinary way of making 
iron at all, and there was very little doubt that lip to about that 
period that material luul only been prod need by accident. It was 
only the gradual increase in the height of the furnace used for 
making wrought iron that Us I to the manufacture of pig iron. 

lie happened to liuve seen a great deal of the direct manufacture 
of wrought iron, which had always been a matter of considerable 
interest to him He had seen the process by which it was manu¬ 
factured in small furnaces in the Central Provinces of India, and had 
studied its manufacture direct from magnetic ore at Lake Champlain, 
N.Y., which was probably the last district in which wrought iron was 
made direct from the ore in a civilised country on a manufnetui ing 
scale. There appeared to be several different types of furnace in 
use in various parts of I ndia, and possibly a brief description of the 
process that he had seen in Jubbnlpoor might be of interest. The 
furnace was built of dried clay along the edge of a trench some 3 feet 
deep. It stood a Unit 3 feet high above the trench ; the liottoui of 
the hearth was about a foot aliove the liottom of the trench, so tliat 
the furnace was about f> feet high inside; it was about 10 inches 

1912.—L I 
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M|nare nt the mouth, but widened out to nhout <lotihl<> that size at the 
hearth. The back ami aide walla were alxint 2 feet thick, but thefrout 
wall, facing the trench, was only a couple of inches in thickness. 
Through that pawed a couple of tuyeres, mnde of dried clay, about 
2 feet long, pierced with a 2-inch hole. The blast was supplied by 



FlC. 1. Photomicrographs of Native-made Indian Iron. Average carbon cootent it 44 
per end. The three photographs were of different field* of the same section, which 
was about J inch square. Magnified Stt) diameters. Illumination—Vertical. 


means of a pair of circular goat-Bkin bellows worked by hand; a roof 
of brancht* and leaves was built over the Itellowa to acrera them (ami 
the man blowing them) from sparks. The furnace was tilled with char¬ 
coal, and, after that had been ignited, small baskets of ore and charcoal 
were thrown on alternately at intervals of alsiut half an hour Utei 
Mime ten or twelve hours’ work, the thin wall was broken down, and a 
bloom of some 70 lb*. weight was got out. That rough bloom was cut 
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into pieces, heated up in a primitive forgo and hammered into tint cakes, 
in which form it was sold. That description might l>e of interest in 
view also of Sir Robert lladtield's paper. There wus one point which 
Sir Robert mentioned in his paper, indicating tliat the Indian metal¬ 
lurgists were acquainted with cementation, as to which he was rather 
doubtful. It was quite dear that they knew how to moke steely 
iron, and could weld such steel to ordinary iron, so that they were 
able in that way to obtain effects similar to cementation, although it 
was doubtful that they understood cementation as it was understood 
at the present day. A point of great interest with regard to direct- 
made iron was its great variability in structure, as shown, for in¬ 
stance, in the immense difference between I>r. Stead's micro-section* 
and his own. He submitted three photomicrographs (Fig. 1) taken 
from a small piece of direct-made Indian iron, not more titan a ^ inch 
square, one section showing pure ferrite, unotber ferrite ami peurlite, 
and the third almost entirely |>«arlite. lie would |»oiut out that that 
rapid variability in the carbon contents wus ono of the most notable 
characteristics of direct-made iron. Another noticeable point in 
those photomicrographs of direct-made iron was that the ferrite 
crystals were rather more widely separates! from each other than 
in ordinary wrought iron or puddled iron; it wa.-. he thought, 
doubtful whether that was due to the method of manufacture or 
to the lesser amount of work which had been put upon such direct- 
made iron as compared with iron made by other processes, lie had, 
however, no doubt at all about the method of manufacture of the 
Roman bloom which was the subject of Sir Hugh Rell s paper. It. 
seemed to »>e quite clear that it was made direct from ore, and 
probably from the iron ores of the coal-measures of tho district in 
which it was found. As to what use it was intended for, that was 
entirely a matter uf conjecture. 

Mr. Gborue Turner (Glasgow) wrote that he was at a loss to 
understand whv the won! “Roman'' had come to 1st applied to the 
bloom referred to. The thickness of the overgrowth of soil and 
vegetation was not stated ; nor were there any of the accomfianying 
elements of a kind which belonged to the Roman jieriud of occupancy 
of Great Britain. The Romans were certainly great military smiths, 
working in both bronie and irou, which the remains of their camps 
proved. They were not, however, iron-makers as the Celts every¬ 
where were, according to the Roman writers themselves, which w.is 
confirmed by Celtic tradition, and the latter further attested by the 
nutueruus iron slag heaps 1 tearing Celtic names, with evidence of 
the process employed, which was without doubt non-Homan. ’I he 
presence of Roman coins in slag heaps, which had been of frequent 
occurrence in England, merely proved tho operations to be concurrent 
with the Roman occupation. The writings of Mr. George Tate clearly 
showed that the most ancient iron slags of Northumberland ’and 
elsewhere were of Celtic origin. Mnch information on the early 
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connection of the Celts with the iron ini inn try rotild be found in 
Professor Bidgeway's “ Karly Age of Oreecc," vol. i. 

In his (Mr. Turner’s) opinion, the bloom under consideration be¬ 
longed to the close of the 13th or the liegiiming of the 14 th century, 
when the iron industry was pre-eminently active at Corbridge. 
Possibly it was intended to be forged into a water-mill spindle, ns 
water power whs then Wing extensively applied ; the operations may 
liave beeti precipitately abandoned at the time of one of the Scottish 
raids. The remark* made by Professor Henry Louis on the Corbridge 
bloom seem to accord with the practice at that time (13th and 14th 
century) 

Towards the close of the 13th century* iron must have been manu¬ 
factured in considerable quantities in the North-Midland part of the 
county of Northumberland, as in 129H and 1299 huge purchases were 
effected at Corbridge Fair, and sent to Newcastle and Carlisle, by the 
English government for expeditions against the I»wland Scots, who 
were then making frequent incursions into Knglnnd in search of that, 
metal, and devastating the country along their line of march. A Unit 
five years Inter iron was shipped from lterwick-on-Twoed, and in 1315 
the government of the day drew from Newcastle the ironwork neces¬ 
sary for their military operations in Scotland. Owing to the frequency 
of those itil oad*, and the extent of the havoc wrought by the Scots, 
the making of iron in the uplands of the county probably ceased 
altogether in 1318, os the King then ordered purchases of iron and 
steel to l«* made in l/ondnu for the munition of Her wick Costle.- 

Profcssor F. Havekkiklo (Oxford), who hud Wen closely connected 
with the Corbridge excavations, wrote regretting his inability to be 
present. He thought tlio account of the use of the “ nozzle, 1 ' shown 
in Fig. 2, p. 128, was almost certainly wrong. The “ nozzle* ” were 
found, not in connection with tlm kiln, but in connection with an 
adjacent hath-bnilding, and wholly or almost wholly inside it and 
along the lines of its walls. Similar nozzles had been found elsewhere, 
in places where there was no kiln known, nor any iron, hut where 
there was a bath-boose, and they hail occurred in each case it, definite 
connection with that, for example, at Itinchester in Co. Ihirham, anil 
at Niederberg, Vielbrutin, and Mobil in Cermany. At Niederberg 
one nozzle was found with a long nail in it. According to fiermnn 
writers, they were employed with similar long nails to hold an outer 
skin of tiles a little distance from the actual wall; the hot air could 
then rise between the wall and the outer skin, and warm the room. 
If that view were correct, those “ nozzles" assisted to provide just the 
same channels for hot air as were provided elsewhere hy box-tiles, or 
by the so-called tegular Immalae, and had nothing to do with the 

i •• The Iron Industry of En g land. Historically and Topographically considered." by 
George Turner, in a series of seventmpers. Tkt Irvamcrnffr. 22nd Aug. and 2fith Dec. 
T.W8 . 27th March mil 7th Aug. 1»W. 27lh May, 24th June, and 23ol Sept. Hill 

* See also " The Ancient Iron Industry of Stirlingshire and Neighbourhoods pp 0 
to 8, in Tmnuuriimi of Stirring Xarnr.il Rithuy an.I Arri/w&ifi.al S.vie/y, 1310-11 
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furnace. For the rest, he was inclined (so far as he was able to 
judge) to agree with the views of Professor Louis, and he desired to 
express his thanks further to Sir Hugh Bell and I>i\ Stead for all the 
trouble which they had taken in oxainining the “ bloom " and clearing 
up its character. In reference to Mr. Turner's suggestion that, the 
blnoui was not Koninn at all, but dated from medieval iron-working 
at Cor bridge, he desired to point out (a) that it had been found amidst 
purely Homan objocts, (it) that no medieval remains hail occurred 
anywhere on the site of Corstopitum, and (e) that he was assured by 
the latest historian of Corbridge, Mr. H. H. E. (.'raster, that no iron 
was worked in Corbridge in the Middle Ages, though pieces might 
have been Weight and sold at Stngshaw Bank Fair, to which all 
Northumberland used to resort. 

l>r. J. E. Stkad, F.U.8., Vice-President, wrote that one point of 
interest in the analysis of the cinder taken from the upper jturt of 
the bloom was the large amount of chlorine present. '1 ho alkalies 
were not in sufficient quantity to combine with that chlorine, and he 
(l>r.,Stead) was forced to conclude that basic oxy-ehloride was present : 
bow it got there he could not conceive. With regard to the question 
as to whether the Romans were acquainted with the process of car¬ 
burising steel by cementation, it was known that they did m a nufa cture 
steel, and that it wo* almost certain that the carbon must have 
entered the iron by cementation. It was doubtful whether they 
practised the process as conducted in modern times, but it was easy 
to conceive how pieces of iron could be carburised by embedding them 
in the heart of a large charcoal fire and maintaining them at u high 
temperature by using blast insufficiently strong to penetrate to the 
centre of the hearth. The combustion of the cliarcool near the walls 
of the furnace in such case would maintain the iron and charcoal at 
a sufficiently high temperature to admit of any degree of carburisation 
required. The pieces of steel welded in the bloom, illustrated oil 
Plate V. in half tone, in his opinion must have undoubtedly been 
produced in some such way, and, if so, might correctly be described 
as a cementation process. 

Since the reading of the paper, with the assistance of Mr. J. L. 
Potts of Messrs. J. II. Andrew A Co. Ltd., Sheffield, the plnniugs and 
sawing* which were produced on cutting and planing the bloom had 
been welded together and forged into a loir. The bar wit* pooled 
through a cementation furnace and carburised to the extent of about 
1J per cent, carbon. It was then forged down, and al*out twenty-five 
penknives were made from the steel by Mr. Joseph \N estby of 
Sheffield, the blades l»eing stamped with the word ** Corstopitiim." 
Those blades were of unique interest, representing as they did— 
excepting for the small amount of carbon added—material made 
prnl nib!y more than 1500 years agu. 
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SINHALESE IRON AND STEEL OF 
ANCIENT ORIGIN. 

Bv Sll ROBERT HADFIELD. F.R.S. (hHtOTEt.O). 

SECTION A. • 

Introduction. 

The U66 of iron, including in this term the combination of 
iron and carbon known os steel such os produced by the fusion 
or cementation processes, has without doubt existed from n 
time dating back to a very early period in the world's recorded 
history. 

Owing, however, to the avidity of the oxygen present in the 
air for this metal, it hits been most difficult to obtain ancient 
specimens of iron. Wo have therefore but little definite evi¬ 
dence regarding its early manufacture and use. It is for this 
reason the author thought that the present description of 
some interesting Sinhalese 1 specimens of this nature which 
came under his notice during a recent tour in the East would 
he of interest to the members of the Institute. 

We who live in this modern Western world are apt to 
pride ourselves that we have all tho knowledge on this 
subject of metallurgy, but the facts presented in this paper 
show this assumption to be incorrect. Whilst information 
available from the East regarding iron of ancient production 
is fragmentary, yet undoubtedly a comparatively high state 
of metallurgical art and knowledge must have prevailed, not 
only conturies but more than a thousand years ago 

The author has taken advantage of the opportunity afforded 
to make w’hat he hopes will provo an addition to our know¬ 
ledge, and trusts the information submitted will prove to be 
of interest. 

* The term “ Sinhalese " is explained a* follows ly Dr. S. M. Burrows, M.A. In his 
book. " Burieil Cities of Ceylon " 

*• In *.c. MS. Wijiyo and hi. Sinhalese followers landed in Ceylon, possibly near the 
modem Putlalam on the west coast. He is said to have been the discarded son of one 
of the petty princes in the valley of the Ganges, w bile the native chronicles etspUui the 
name of his race by tracing his paternity to a lion—' Sinha.* •• 
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This is not the first paper which lias been read on this sub¬ 
ject. One hundred and seventeen years ago—to be exact, on 
June 11, 1795—I*r. George Pearson, a Fellow’ of the Royal 
Society, read a paper entitled “ Exj>erinients and Observations 
to investigate the Nature of a Kind of Steel, manufactured at 
Bombay, and there culled Wootz, with Remarks on the Pro¬ 
perties and Composition of the different States ol Iron- 

The author is greatly indebted to the Royal Society for 
permission to make use of l>r. Pearson s paper, its well as of 
his own paper recently communicated to that Society. 

It was the author’s good fortune during his recent tour 
round the world, to visit the Colombo Museum and inspect a 
sot of ancient specimens of iron and steel which were obtained 
from some of the buried cities of Ceylon. Those cities date 
back from about 500 B.c„ and since then have had a more 
or less continuous history as habitable by human boings; the 
history of some of them continued up to about 1500 A.D. 

This collection, which was formed quito reoeutly, and has 
not been previously known or described, was lighted upon 
quite by chance, and was the find of an otherwise idle day. 
It is a fascinating collection of ancient specimens anti instru¬ 
ments of iron, and is in many respects absolutely unique. 
The author met the then Director (April, 1910) of the 
Museum, Dr. Arthur Willey. F.R.S., and was afforded every 
facility for examination. Finnlly, through the kindness of 
his friond, His Excellency the Governor-General of Ceylon, 
Sir Henry MoCallum, to whom grateful acknowledgment is 
here made, he was accorded the privilege of having placed 
at his disposal a few of the specimens for investigation It 
seemed to the author that an account of the research carried 
out on these specimens might form an appropriate sequel to 
the interesting paper to the Royal Society by Dr. Pearson on 
•* Wootz " steel, a century ago. The matter has been made 
tho subject of special reference in the annual report of Dr. 
Willey, and much interest has been aroused. The author 
believes that tho research which has been carried out yields 
information which has not previously been available on the 
subject of iron ami steel specimens of known ancient origin 
in fact, he has not been able to find in previous publications 
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any complete and authentic analyses accompanied by uiecha- 
nieal tests and photomicrographs showing the structure of 
such material. 

Not only does the Colombo Museum contain this large 
number of interesting specimens of ancient tools and imple¬ 
ments of various kinds—some 250 iu number (these are 
shown in Plates X. to XIII. accompanying this |>upcr)—but 
in another section of its exhibits are shown several swords 
of more modem date, bearing the dates of the years 1374 
and 1416 A D , with Sinhalese legends iimcrilmd upon them. 

To those interested iu the metallurgy of iron and steel, this 
collection of ancient iron and steel specimens ap|>cals as being 
without doubt the most complete and unique in the world. 
There is probably nothing at all like or approaching it in any 
other museum or private collection. 

The following is Ur. Willey's description of the specimens 
sent to the author from the Colombo Museum for the purposes 
of this research :— 

1. Museum specimen, No. 138, steel chisel from Sigiriyu, 

of the fifth century A.D., length 10 inches. 

2. Museum specimen, unnumbered, ancient nail (pointed 

ond broken oft*), 131 inches long, probably also from 
Sigiriya. of the same date as the chisel, hut the 
particulars are lost. It is, however, certainly very 
ancient, and is typical of a special class of imple¬ 
ments found in the ruined cities of Ceylon. 

3. Native bill-hook or “ kelta," just as it came to hand 

from Uumbara, near Kandy, the headquarters of much 
modia.-val native work. 

In this paper it has Ikjou attempted to deal only with 
specimens of iron of undoubted antiquity. With the modern 
manufacture of Sinhalese and Indian steels, it is undesir¬ 
able to deal at the present tuna It may be mentioned 
however, that owing to the kindness of His Excellency 
the Governor-f«eneral of Bombay, Sir Georgo Clarke a 
number of specimens of Indian iron and steel, not of ancient 
origin but made in comparatively recent times, were obtained 
at considerable trouble and furnished to the author, and arc 
also under examination. If these prove of interest, a report 
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upon them will be submitted Liter. The author takes this 
opportunity of thanking Sir George Clarke, also a number 
of the Residents in the provinces of Mysore, Gwalior, 
Hyderabad, and Calcutta, who have been at so much trouble 
in obtaining these various specimens and furnishing detailed 
particulars of how they were produced. 

With this preface the author will now refer to the causes 
which led to his own investigations and research. Whilst 
there is often an impression that the use of iron, including in 
this term the alloy of iron and carbon known :is steel, is a 
modern development, this is probably incorrect, as without 
doubt such knowledge really dates back to the earliest stages 
of tradition. For several reusons, and, notably, owing to the 
avidity of iron fur the oxygen present in the air. it has been 
difficult to obtain ancient specimens of this material, more 
particularly in the form of steel. It is for this reason that 
the Sinhalese specimens in question are so valuable, for there 
exists but little definite evidence as to the period when iron 
and steel were first employed by man. 

There is a reference in the report of tho Director of tho 
Colombo Museum to the fact that iron implements are very 
liable to rust oven in the atmosphere of Ceylon with its con¬ 
stant high temperature, and even after having been cleaned 
and impregnated with paraffin wax by Krefting’s method. 
Rust preservatives are therefore used in the Museum from 
time to time as rust appears; the simplest way has been found 
to give the specimens a coat of the alx>ve varnish. 

The importance of this subject was recognised by Dr. Willey 
at the time of the authors visit to Ceylon, and in his report 
above quoted he expressed tho hope that more of the long 
steel stone-cutting chisels would be found during the course 
of the Archeological Survey operations, so that further 
examination could be made. It was also stated in the 
report that the ancient Indian method of making steel in 
clay crucibles seems to bo identical with the method thought 
to have been invented in England in the middlo of the 
eighteenth century. 

Another reason which caused the author as a metallurgist 
to be specially interested in these Sinhalese specimens was 
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LhiU during his tour iu the East he first visited Egypt, and 
an inspection there of the wonderful works in stone raised 
questions in his mind as to the method and tools with which 
these memorials in stone were hewn to shape. 

It has been asserted that the Egyptians knew how to harden 
copper so that it could Ihj made to take and keep a cutting 
edge under the severe working stresses to which the tool 
must have beeu subjected in order to produce the hundreds 
of thousands of forms now to be seen in tho Nile Valley from 
Cairo to Khartoum or beyond, over a distance of some 2000 
miles. Such work must have involved the labours of im¬ 
mense uutnbors of stone masons, who would require tools. 
The author is strongly of opinion that no method of harden¬ 
ing copper was then known which would produce tools having 
a hard cutting edge, or which were at any rate at the same 
time tough enough to stand the severe impact blows such as 
stone-cutting work required. Copper alloyed with other 
elements can be hardened, as was recently evidenced in a 
paper read by Dr. Itosenhain and Mr. Lantsberry before the 
Institution of Mechanical Engineers. During the course of 
tho discussion on tho paper it was stated that a turning tool 
had been mado which had cut iron. The author is of opinion, 
however, that such a material made up into chisels, wedges, 
and the like would be of little value for hewing to shape 
and finishing the gigantic works in stone of tho Egyptians. 

It is far more probable that the aueient Egyptians were not 
only able to make steel for tools of all kinds, but also to 
cement and harden it, or, if they wore not themselves steel 
workers, they obtained the necessary material and help from 
the workmen of another nation. There is indeed evidence 
that such was the case, and the facts available suggest that 
in the art of steel-making Egypt received assistance from 
India or China. There are. it is true, but few specimens of 
iron or steel tools or implements in and from Egypt. There 
is, however,a scytlio of iron in the Hritish Museum; examina¬ 
tion shows it to be in such an oxidised condition that it is 
not possible to say definitely what is the nature of tho 
material, although it is undoubtedly iron. This Boythc, 
which the author has seen and handled, is so thin and 
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corroded tlmt it would almost fall to pieces unless most 
carefully dealt with. There is also an important specimen 
of iron taken from the Great Pyramid. In determining this 
general question as to the use of steel by the Egyptians, 
it should be remembered that there are several ways of 
endowing iruu with the quality of hardening — that is, after 
heating and quenching it in water, or other cooling medium. 
The material ordinarily termed wrought iron can be made to 
acquire or take up carbon by cementation. This process is 
still largely carried out in Sheffield, principally upon bars 
which are by these means carburised with required varying 
percentages of carbon. These bars are chiefly made for the 
purpose of afterwards being melted into crucibles to produce 
the highest and purest qualities of steel. Such cemented 
steel, or “ blister " steel, is in some cases directly worked up 
into tools having cutting edges, and is then termed bar steeL 
This aspect of the case is referred to because even if ancient 
specimens of highly carburised steel are not available, it must 
be remembered that wrought or forged iron itself can be 
cemented or carburised, or the edges of tools can be so treated. 

There is reason to believe that this knowledge, although 
in a crude form, was possessed by ancient workers in iron. 
Such methods may probably be regarded to a certain extent 
os " case-hardening.'’ In such process the surface of the 
material to be treated must havo been placed in a gaseous 
medium, or in a medium of charcoal or other pure form of 
carbon, then heated, and the surface carburised to tho desired 
extent and depth. Such material, when again heated and 
quenched, would carry u cutting edge. 

Somewhat singular to say, this knowledge appears to have 
been possessed and to bo proved in an interesting manner 
by one of these Sinhalese specimens which tho author has 
examined, namely the chisel (Experiment No. 2252), which 
is proved to have its edges cemented or carburised. Under 
the section devoted to the description of these experiments 
will be found full particulars of this remarkable chisel, to¬ 
gether with photomicrographs, analyses, and the results of 
mochanical anti other physical tests. 

Tho other and chief method of producing “ cast steel ”— 
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that is, an alloy of metal with carbon varying from al-out 
0*50 to 180 per cent., is of course by direct fusion of bar iron, 
or, in the case of a steely iron made in the manner just 
referred to. in a closed receptacle or " urucible. To accom¬ 
plish this required u high technical knowledge, for it is not 
merely necessary to obtain the requisite quality of bar or 
melting iron, practically free from or very low in sulphur and 
phosphorus, but there has also to be solved the equally 
difficult problem of preparing a receptacle or crucible to 
withstand handling at the high temperature required to 
fuse the materials being melted, and also the intense heat 
to which it is subjected without itself fusing. It is interest¬ 
ing to observe that in the Colombo Museum clay crucibles (of 
modern manufacture, it is true) can be seen, but apparently 
the same method has long lieen known and practised in 
the East. Therefore our modem belief that such method 
originated in Europe is probably not correct. 

As before mentioned, the specimens in the Colombo Museum 
were taken from the mins of some of the buried cities of 
Ceylon, and in view of the importance of the collection, the 
author instructed Messrs. Plate, the excellent photographers 
in Colombo, to prepare for him the photographs of tho speci¬ 
mens which accompany this paper. 

The names of the buried cities in question are — Anuradha- 
pura, 437 rc',-769 a.d. ; Polonnnruwa, 769 A.D.-1319 a.d.; 
and Sigiriya, 479 a.d. 

An interesting paper on tho ruins of Sigiriya apjMjnrs in the 
Koyal Asiatic Society’s PnemUnyi, vul. viii., 1876. 

Tho articlos in each photograph are numl>cred and accom¬ 
panied by u tabulated statement describing the specimens, also 
stating from which of the ruins of the buried cities in Ceylon 
they were taken. No less than about fifty different articles are 
comprised, including those for agricultural implements, cutting 
instruments, tools for building and other trades, warlike imple¬ 
ments, and general articles. 

Whilst the Sinhalese temples and monuments are of much 
later date than those of Egypt, nevertheless, in view of the 
metallurgical knowledge which was evidently posesssed at a 
very early period in India and later in Ceylon, it is quite 
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clear that the knowledge then prevailing in these matters 
must have been considerable. There is no evidence that the 
metallurgy of iron was understood in Egypt; it seems more 
than likely, therefore, that, as has been suggested by several 
authorities, aid was obtained by the Egyptians from the Far 
East—no doubt India or China, whenco there was u constant 
stream of trade and commerce. They were thus enabled to 
carry out their many wonderful works in stone, including 
temples, pyramids, statues, obelisks, sarcophagi, sculptured 
walls, figures, tombs, steles, and the like, many of them pre¬ 
pared from the intensely hard Assouan granite, also red and 
black granite, quartz, porphyry, limestone ami sandstone. 
Some of the hieroglyphics have been found cut to a depth 
of no less than 2 inches. To carry out such work would 
require tools of excellent quality. 

As will be seen by tho figures in Flutes X. to XIII., there are 
several hundreds of these ancient iron specimens. They com¬ 
prise large and small chisels, including stone-cutting chisels, 
nlmut 2?, inches in length and ^-inch in diameter, axes, adzes, 
hoes, wedges, scissors, locks, keys, and many other articles. As 
regards the age of the specimens. Dr. Willey, F.R.S., the then 
lfirector of the Colombo Museum, states that this is vouched 
for by those thoroughly competent to make the statement, and 
that the specimens ore 1200 to 1800 years old. They are in 
u remarkably good state of preservation, and many of them 
being quite bulky offer much bettor scope for examination 
than anything of the kind the author has ever seen or heard of. 

When considering tho origin and nature of these specimens, 
it should lie borne in mind that the “ Veddas,' the almriginal 
hunting caste or hill tril»e of Ceylon, were of very poor in¬ 
tellect, ami it is extremely doubtful whether the high order of 
knowledge necessary to produce steel, and particularly steel 
by tho crucible process, could have been possessed by them. 

Ceylon is, however, from tho ethnological point of view, 
practically an integral part of India, lho distance lietwoen 
the two countries is so smnll that it is shortly to be spanned 
by rail. There seem, therefore, good grounds for the assump¬ 
tion that the requisite skill and knowledge required for steel¬ 
making probably reoched Ceylon from India 
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HKCTION B. 

Opinions hy Various Authorities with regard to the 
so-called Iron and Bronze Ages. 

In a most excellent sketch of the history of iron in his 
“ Metallurgy of Iron and Steel ” (1864), Dr. John Percy, F.R.S., 
stated, as the author has already pointed out, that iron is so 
rapidly corroded and wasted away by the oxygen of the air, 
even in dty climates, that it is not to be wondered at that only 
few ancient specimens have remained preserved. 

l)r. Percy also believed that from metallurgical considera¬ 
tions it is not unreasonable to suppose that the so-called Age 
of Iron preceded the Age of Bronze, or, if not, was concurrent. 
The metal of the latter age required more skill to produce 
than iron, whose process of production in its simplest forms is 
not so difficult. As Dr. Percy points out, if a lump of red or 
brown hiematite bo heated for some time in a charcoal fire, 
well surrounded by or embedded in the fuel, it will be more or 
less completely reduced so as to ndmit of being easily forged 
at u red heat into a bar of iron. 

Singular to say, the author cannot find even one analysis of 
an ancient iron specimen by Dr. Percy, whose eminence in the 
metallurgy of iron and steel during the last generation was 
renowned, thus showing that specimens of such material were 
indeed mrir nvm. The author therefore believes that the 
ancient specimens now described for the first time represent 
an accurate analysis of ancient iron, in this case made about 
1400 years ago. They also probably represent the tyjte of 
material produced at a much earlier date. 

Mr. St. John V. Day’s "The Prehistoric Dse of Iron and 
Steel." published in 1877, and Bock's Gwhirhtr dts Nuen* 
(1903). in fivo volumes, covering no less than nhout 6000 
pages, are both remarkable Isioks on iron and steel in reference 
to their past history. 

Day l*elieves, with Dr. Percy, that the use of iron has a very 
ancient origin, and precoded the so-called Bronze Age. Day 
says •' that the earliest of substances with which man was 
acquainted was unquestionably iron, and almost certainly 
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steel; . . . and that this is true whether we look to Egypt, 
Babylonia, or Proto-Chaldea and Assyria, on the one hand, 
or China on the other." 

Day points out that iron has been discovered in the Great 
Pyramids, the oldest buildings known to uieu. 

Lepsius, an Egyptologist of the highest rank, says that, 
“ considering the frequent working of granite in large masses, 
which can bo proved near the fourth Mancthoiu dynasty, it 
cannot well be doubtful that since that time, and indeed 
earlier, iron and the hardening of it were known.' 

Many tablet pictures show workers wielding tools which 
could not very well be those other than of iron or steel, 
and Maspero, in the interesting recent correspondence with 
Osmond referred to in this paper, admits the wall pictures of 
Egypt show workers handling tools which were surely of iron 
or steel. 

Dr. Percy therefore seems fully justified wheu. in writing 
to Mr. Day. ho makes the following important statement:— 
“ I become more and more confirmed in my opinion that 
archeologists have been generally mistaken concerning the 
so-called Iron Age. I am collecting further information on 
the subject from time to time, and as yet have met with 
nothing in opposition to the opinion above mentioned 

Professor Max Muller, so Day points out, stated that ‘ in 
tho Homeric times knives, spear points, and armour were still 
made of copper: and we can hardly doubt that the ancients 
knew the process of hardening that pliant metal, most likely 
by repeated smelting and immersion in water.” 'Hie author 
quite agrees with Day that such a statement on the face of 
it cannot be correct, for copper is not hardened by immersion 
or cooling in water, but, on the contrary, it is softened. More¬ 
over, no one has yet been able to harden copper in the manner 
that iron does when combined with carbon. If such an art 
had been known, it is difficult to imagino that the knowledge 
would have been entirely lost; it would havo been too valu¬ 
able. The world has yet to discover a method of hardening 
copper, in the sense of producing a material which can be 
compared with hardened, steel. Alloys of copj»er with tin 
and other elements ore well known, but their qualities render 
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theiu unsuitable for purposes where iron and steel are 
used. 

In the same manner Day, rightly the author thinks, took 
the late Right Hon. W. E. Gladstone to task with regard to 
his laborious investigation of the Homeric epic, when announc¬ 
ing " the age of copper is the first and oldest of the metallic 
ages, which precedes the general knowledge of the art of 
fusing metals.” Day gives good reasons for his opinion, with 
which it is not possible adequately to deal here. The reader 
is referred to Day’s most interesting and valuable work, and 
to a useful paper by the late Secretary of our Institute, Mr. 
Bennett, H. Brough, on "The Early l T ses of Iron," in the 
Journal of Ike Iron and Sterl Instil ait, 1906, No. I. p. 233. 


SECTION C. 

Remarks on the Paper Communicated in the Year 1795, 
bv Dr. Pearson, F.K.S., to the Royal Society, on 
Indian Wootz Steel. 

Before dealing in detail with the .specimens examined in 
this research, reference may be made to the salient points of 
Dr Pearson’s paper previously mentioned. The specimens of 
** Wootz” steel described by him. which were stated as being 
sent over by Dr. Scott of Bombay in 1795, were not claimed to 
be of ancient origin, but apparently represented steel which was 
being manufactured in India at that time—that is, the closing 
years of the eighteenth century. It is not perhaps surprising 
that, notwithstanding Dr. Pearson’s paper, no record was then, 
or even until much later, made available as to the composi¬ 
tion of “ Wootz ” iron or steel. This is quite natural, us it 
is only within the last twenty-five or thirty years that really 
reliable and accurate methods of chemical analysis have been 
made possible to the worker in this field of metallurgical 
research. In this connection the author well remembers the 
fact that about thirty years ago his father one day showed 
him, as a great achievement, a certified analysis of a specimen 
of steel. In that analysis, for which a fee of fifteen guineas 
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hud been paid, five elements hud been determined, probably 
most of them not very correctly — at all events as compared 
with the accuracy possible at the present day. That was but 
a generation ago. It is now possible, at very small cost, to 
obtain complete and accurate analysis of the composition of 
iron and steel, not only of simple types, but of the most 
complex compositions. It Is impossible, therefore, to with¬ 
hold our admiration of the work of the chemist, which in a 
comparatively few years has led to this great advance in 
methods of analysis, whether as regards accuracy, rapidity, or 
low oost. 

As a proof of this it may be interesting to here mention 
that the author has beeu informed by ono of the very able 
directors of Messrs. Krupp, Dr. Ehrensberger, who has done 
so much to advance metallurgical knowledge in Germany, 
that in 1910 the total number of analyses carried out 
in their laboratory was no less than 41G.728. His 
own firm carried out in the same year a total of 39,053 
analysea Therefore, in the metallurgical world there must 
now be made many millions of analyses in each year. 
Even but a generation ago such a possibility was hardly 
dreamt of. 

Although the chemical composition of tile “ Wools ” steel 
in question was not put on record. Dr. Scott, who forwarded 
the specimens to Dr. Pearson, describes these as “ admitting 
of a hauler temper than anything known in that part of 
India; that it is employed for covering that part of gun- 
locks which the Hint strikes, that it is used for cutting iron 
on a lathe, for cutting stones, for chisels, for making files, 
for saws, and for every purpose where excessive hardness is’ 
necessary.” Also that it “cannot hear anything beyond u very 
slight red heat, which makes it work very tediously in the 
hands of smiths." It is added that it “ could not be welded 
with iron or steel, to which therefore it is only joined by 
screws and other contrivances." Dr. Scott also pointed out. 
that “ when working, if heated above a slight red heat, part 
of the mass seems to run, and the whole is lost, as if it con¬ 
sisted of metals of difi’erent degrees of fusibility." “ Working 
with Wootz is so difficult that it is a separate art from that 
1912.—L K 
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of forging iron ** ; and “ the m&gnetical power in an imperfect 
degree can be communicated to this substance." 

Dr. Pearson further describes the specimens received by 
him as being in the shape of a round cake of about 5 inches 
in diameter and 1 inch in thickness, and weighing about 2 lbs. 
He slated that “ under the tile I found Wootz much harder 
than common bar steel not yet hardened, and than Huntsman's 
cost steel not yet hardened." 

This reference to Huntsman’s steel, which has been the 
subject of several papers by the author before the Iron and 
Steel Institute and other technical bodies, is very interesting, 
and indicates that the work of Huntsman was well known 
at that date, 1795. Dr. Pearson's paper contains a table 
giving the specific gravity of Wootz and several other speci¬ 
mens of steel and iron, in which it was stated that the specific 
gravity of these Wootz specimens varied from 7’16t5, quenched 
while white hot, to 7*047 in the forged condition, and that 
this compares with a specific gravity for Huntsman’s steel 
of 7‘771 in the hardened condition to 7*91 6 hammered. 
Reference is also made in the paper to the assistance given 
in forging Wootz by “ that ingenious artist Mr. Stodart." It 
is not a little flattering to metallurgists to note that an expert 
worker of steel was mentioned in such terms, the description 
“ artist ” occurring several times in the paper. It may be 
hero mentioned that it is probable Dr. Pearson’s co-worker 
was the same Mr. Stodart who many years later assisted 
Faraday in preparing and investigating a largo number of 
steol alloys. Although there was nothing very definite ol>- 
tainod from the experiments, they are most interesting, and 
will be found fully described in Philosophical Transaction*, 
cxii. p. 253. 

Naturally, owing to the then incomplete knowledge of 
special steels and of analytical methods, the results were 
incomplete, but nevertheless valuable as pointing the way. 

Thus oven at that early period the importance of develop¬ 
ing steel alloys made an appeal to the master mind of Faraday, 
although the actual accomplishment of his ideas was deferred 
for another sixty yoars. Tho first systematic presentation of 
a steel alloy research was probably that dealt with in the 
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paper presented by the author to the Institution of Civil 
Engineers in 1888, entitled "Alloys of Manganese and Iron," 
in which a complete correlation of method of manufacture, 
composition, analysis, physical properties, and mechanical and 
electrical tests were set forth. 

In the paper referred to by Dr. Pearson will be found an 
account of an elaborate research as to the “ Effects of Fire and 
Oxygen Gas Conjointly,” “ Experiments with Diluted Nitrous 
Acid," also with “ Diluted Sulphuric Acid.” Much time and 
attention were given to determining the nature of the gas 
obtained from the Wootz so dissolved. It is very curious 
to note the exceedingly painstaking character of the attempts 
made to reaoh conclusions, which, of course, could not then 
be verified for want of the requisite scientific and technical 
knowledge. Probably the chief want was the chemist to 
whom metallurgists owe so much for the first advance 
in true and accurate metallurgical knowledge. Dr. Pearson 
estimated the "quantity of carbon in tho Woo tz and steel 
to be nearly equal; and that quantity to be about one- 
third of the hundredth part, or urn of the weight of these 
two substances." whatever may have been meant by that 
statement. As an illustration of the extraordinary opinions 
which then found acceptance from men in responsible posi¬ 
tions. and who must be assumed to have hail the advantage 
of the best scientific and technical training of the day, Dr. 
Pearson states that from some of the solutions so obtained 
he observed there was ** a deposition of white matter and 
formation of green crystals in a liquid.” The green crystals 
were obviously those of sulphate of iron, and the white matter 
was the siderite of Bergman, which is now believed to be 
phosphate of iron. It is curious to note, as showing to 
what lengths investigators of that day were driven for an 
explanation of the properties of steel, that Dr. Pearson says: 
“ Common steel which is all made by cementation, is very 
malleable when white hot, only perhaps because it contains 
iron which has escaped combination with carbon." 

Dr. Pearson concluded by saying that tho Wootz steel which 
lie examined must have been made directly from the ore, and 
that it had never been in tho state of wrought iron. The 
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author refers to this in connection with facts he brings before 
the Institute with reference to the specimens of ancient steel 
obtained in Ceylon, which appeared to be rather of the nature 
of wrought iron than steel, although some of the specimens 
appear to have been cemented. 


SECTION D. 

Heath and Others ox ** Indian and Sinhalese 
Iron and Steel.” 

As bearing upon this subject of Indian metallurgical 
knowledge in 1837 and 1839, Mr. J. M. Heath contributed 
two interesting papers on Indian steel to the Royal Asiatic 
Society, referred to in the Bibliography accompanying this 
paper. Although the specimens described by the writer in 
this paper are not 11 Wootz ’ steel, but rather a species of 
wrought iron, it may bo interesting to mention that Mr. Heath 
says this term “wootz” or “oots" is probably tho name for 
steel in the Guzerattee language in use at Bombay. 

Mr Heath was, it appears, one of the directors of the 
Indian Iron and Steel Company, but left India to return to 
England in 1837. This fact is referred to because of Mr. 
Heath’s important connection with the development of steel* 
making in Sheffield about that time, and a little later, whore 
he introduced the use of black oxide of manganese in steel 
manufacture. About this discovery of Heath’s it will be 
remembered there was afterwards a famous litigation. The 
author regrets to say Heath suffered much monetary loss, 
though no doubt ho was largely entitled to the credit of this 
great improvement, which was tho first appreciation of the 
importance of manganese in steel manufacture, 

Heath, in the two papers read before tho Royal Asiatic 
Society in 1837 and 1839 with regard to Indian steel, offered 
much interesting information. The author's views entirely 
coincide with those expressed by Heath nearly three-quarters 
of a century ago, namely, that the great works of stone in 
Egypt were undoubtedly carried out by means of iron and 
stool tools. 
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Heath's remarks are so interesting that the author quotes 
them in full as follows:— 

'* The antiquity of the Indian process is no less astonishing 
than its ingenuity. We can hardly doubt that the tools with 
which the Egyptians covered their obelisks and temples of 
porphyry and syenite with hieroglyphics were made of Indian 
steeL There is no evidence to show that any of the nations 
of antiquity besides the Hindoos were acquainted with tho art 
of making steel. The references which occur in tho Greek 
and Latin writers on this subject served only to better their 
ignorance of it; they were acquainted with the qualities and 
familiar with the use of steel, but they appear to have been 
altogether ignorant of the mode in which it was prepared from 
iron. The edges of cutting instruments of the ancients were 
all formed of alloys of copper and tin, and we are certain that 
tools of such an alloy could not have been employed in sculp¬ 
turing porphyry and syenite. 

“ Quintus Curtius mentioned thnt a present of steel was 
made to Alexander of Maoedon by Porus, an Indian chief 
whose country he had invaded. We enn hardly believe that 
a matter of about 0 lbs. weight of steel would have been con¬ 
sidered a present worthy of acceptance of the conqueror of the 
world had the manufacture of that substance been practised by 
any of the nations of the West in the days of Alexander. 

“ In view of tho maritime intercourse between Egypt and 
the East, it appears reasonable to conclude that the steel of 
the South of India found its way by these routes from the 
country of Porus, to tho nations of Europe and Egypt.” 

Heath stales, therefore, that “ the claims of India to a 
discovery which has exercised more intluenco upon tho arts 
conducing to civilisation and the manufacturing industry than 
any other within the whole range of human invention is alto¬ 
gether unquestioned." 

In his papers, Heath also points out that Dr. Buchanan's 
"Travels in tho South of India,” published in 1807, contains 
very minute anti correct accounts of the nutive process of 
smelting iron and making it into steel, this process probably 
representing practice handed down from previous ages. The 
book is illustrated by engravings. 
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Further reference is made to Dr. Heyn’s “ Tracts on India,’ 
published in 1814. This book also contains an account of these 
processes, together with a very interesting letter from Mr. 
Stodart upon the quality of Indian steeL 

Without doubt, therefore, the processes of making iron and 
steel have been used in India for many.thousands of years. 
Probably the ancient specimens seen by the author at Colombo 
were not produced by the crucible process, but that the crucible 
process has boon used in Ceylon for a long period of time may 
be taken as established. 

This would also carry with it the proof that while the 
Huntsman process was novel as regards application in Great 
Britain, aud of course worked out on a more practical and 
oommercial system than the methods of the East, yet it was, 
after all, only a development of methods, or an independent 
comparatively modern discovery of methods, long employed 
in India. It may, therefore, easily have been tho case that 
the ancient Egyptians were familiar with Indian iron and steel, 
and either imported the material or obtained the services of 
Indian workers in metals to produce the necessary material 
for the tools employed on the great stone monuments. There 
are those who think the Egyptians obtained help in the metal¬ 
lurgy of iron and steel from China, and in some cases from 
nearer home, Assyria. The chain of evidence at least appears 
to be complete, that the knowledge of how to produce and 
work iron and steel had been acquired in times of antiquity. 
Heath, therefore, probably rightly claims in his paper referred 
to that the Hindoos had been familiar with the manufacture 
of stool from time immemorial, and he hold tho same opinion 
as the author that the stone works of Egypt could only have 
been carried out by tools of iron probably of cemented or 
hardened steel 

Other evidence of the knowledge of iron possessed by tho 
ancients may be cited. Dr. Ananda K. Coomaraswamv, D.Sc., 
who was, until a fow years ago, the principal mineral surveyor 
in Ceylon, has written a valuable and interesting book on 
“ Medieval Sinhalese Art" In this work he deals, amongst 
other matters, with metal work—iron, brass, copper, and 
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bronze, gold and silver, jewellery. Ho states that the know¬ 
ledge of iron is of great antiquity in Indio. Its uso was 
certainly well known in the Vedie period, ami it is constantly 
mentioned in Vodic literature. There is also abundant 
evidence that the ancient Hindoos were not only skilled in 
manufacturing steel and iron, but in working these products, 
nnd in tempering steel. It is claimed, indeed, that Damascus 
blades were fashioned from Indian iron. The word “Ondaniquo” 
of Marco Polo’s travels' referred originally, as Colonel Yule 
has shown, to Indiau steel, the word being a corruption of the 
Persian “ Hundwaniy.” The same word found its way into 
Spanish, in the shapes of alhinde aud aljiiu/e, first with the 
meaning of steel, and then of a steel mirror, and finally of the 
metal foil of a glass mirror. The ondaniquo of Rinnan, which 
Marco Polo mentions, was so called from its comparative 
excellence, and the swords of Kirman were eagerly sought 
after, in tho fifteenth and sixteenth centuries, by the Turks, 
who gave great prices for them. Arrian mentions steel as 
imported into the Abyssinian ports; and Salmasius mentions 
that among the surviving Greek treatises was ono “ On tho 
Tempering of Indian Steel." 

The knowledge here recorded must have filtered through 
from India to Ceylon. 

Dr. Coomaraswamy, in the work above-mentioned, gives a 
very interesting summary and various evidences of ancient 
Sinhalese iron and steel manufacture. The book also contains 
an analysis of the hematite iron ore deposits, aud a descrip¬ 
tion of the method of iron smelting, including an excellent 
account of the Sinhalese method of making crucible cast steel. 
The author has personally seen in the Colombo Museum the 
clay crucible of modem origin made by the Sinhalese. 

The manufacture of this crucible cast steel by the Sinhalese 
is now, however, almost an extinct industry, a fact due to the 
operation of economic laws, as steel can be imported from 
Europe more cheaply than it can bo manufactured locally. 
From the standpoint of the history of the industry, the evidence 
produced on the subject of Indian and Sinhalese crucible 
working is of great interest Sinhalese steel is discussed by 
Dr. Coomaraswamy, and his description of researches on the 
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subject is accompanied by six most interesting photographs 
illustrating the manufacture of Sinhalese iron and steel. 
The photographs include an iron-smelting furnace, general 
view; iron-smelting furnace, bellows; furnace at work ; the 
bellows blower; steel furnace at work, and removing crucibles 
from steel furnace. These photographs form an excellent 
addition to our knowledge of the subject. For reasons pre¬ 
viously stated, it is obvious that the production of the 
crucibles themselves called for the possession of a high order 
of knowledge, and as it is probable that this method has 
l>eon in operation for several centuries, another proof is 
afforded that production of steel by the crucible process was 
not originated in England. It will be interesting for the 
purposes of comparison to give tho composition of a modern 
Sinhalese crucible steel, as this entirely differs from the mate¬ 
rial described by the author, which is really wrought iron. 

A sample of such steel has been analysed at the Imperial* 
Institute. Tho following was the composition of the steel:_ 

IVr Cm!. 


Carbon . . . . . . , .m 7 

Silicon ........ o-OT 

Sulphur. 01)7 

Phosphorus ....... <rti2 

Manganese ....... niJ7 


Iran • *.. 

This specimen is referred to in Colonial Reports, p. 33 ; 
Miscellaneous, No. 37, Ceylon; Report on the Results 0 / the 
Mineral Sumy tn 1904—5, by Prufessor W. R. Dunstan, M.A., 
LLD., F.K.S., Director of the Imperial Institute. 

Dr. Coomaraswamy says that iron-smelting is still carried on 
at Hatarnbiige, near Balangoda, by men of low caste. The ore 
used is generally tho nodular hiemntite or Umonito, which 
arises as a decomposition product of the country rocks, and is 
widely distributed in small quantities. Before smelting, the 
ore is broken into small pieces, and roasted to drive off the 
water. The following is a typical analysis: silica, 9*14 p« r 
cent.; alumina, 9*85 per cent.; ferric oxide, 72*39 per cent.; 
ferrous oxide, 0*22 |>er cent.; moisture. 8*40 per cenL ; sulphur! 
nil; phosphoric anhydride, 0*05 per cent, (phosphorus, 0*022 
per cent.) Steel is made from the iron thus obtained, and 
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though the industry is no longer carried on, there survived 
at Alutmuvara, near Balangoda, two very old men who had 
been accustomed to prepare steel, and did so in order that 
Dr. Coomaraswumy might study the process and take photo¬ 
graphs. Specimens of steel and crucibles then prepared are 
now in the Colombo Museum. 

Mr. Henry Parker, F.G.S., in a contribution to the Royal 
Asiatic Society (reported in the Journal of the Ceylon Brunch 
of that Society, vol. viii., No. 27, 1884, p. 39) deals with dis¬ 
coveries at Tissamahnrama. In this contribution ho refers to 
jumpers or chisols, and mentions a stone-cutter’s tool, 5 inches 
long, mode of three-quarters iron and steel, with an edge 
1*8 inch long. 

Parker's discoveries also included part of an iron wedge, a 
small broken iron trowel, and two pioces of a long bar of round 
iron. Most of the chisels, particularly the carpenter's tool, 
belonged to the oldest series of remains. Ho adds: “From 
the largo number of nodules of kidney iron met with during 
the Ceylon exeavatious, it is to be presumed that the iron 
used for making the axes and other tools was smelted on the 
spot, probably by the smiths themselves. The iron is so 
nearly pure that this would present no difficulty, and the 
nodules could be picked out of the underlying decomposed 
gneiss or gravel, which is extremely ferruginous.” 

Parker states that the Kings of Ceylon roigned from Wijaya, 
543 u.c., onwards. 


SECTION E. 

Delhi and Dhar Pillars in India. 

One of the most notablo ancient specimens of iron is the 
famous Pillar of Delhi, 1 which is not the less interesting when 
we find it is slated that the city itself. " Imperial Delhi, the 
capital of all India,” os Sir Alexander Cunningham in 1864 
termed it, owed its name to this pillar. In the light of 
recent political events, this prophetic utterance is now an 

1 The author baa I tern in common icsunm with Mr. J. H. Marshall, r.M.G,, M.A., 
C.L.E., the Director licoml of Archirotogy in India, who hopes that it may be jiowiWe 
t<» furnish the author with specimen* of tiialeiial from the pillar Hv*!f, far research 
elimination. 
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actually accomplished fact, for on December 12, 1911, Delhi 
was made the capital of our great Indian Umpire. We have 
also this remarkable chain of circumstances. Delhi took its 
name from the very Pillar now described, the Hindoo term 
being “ Dhelli,” or unstable, as explained later on. At Delhi 
King George V., the first English monarch to be present in 
person, has been proclaimed Emperor in Dhurbar, and finall y, 
Delhi is now the seat and actual “ Capital of all India.” 

Ancient associations, historical and legendary, combine to 
invest Delhi with exceptional dignity in the eyes of both 
Hindoo and Mohammedan Indians. 

In the official Government despatches of last year, it was 
stated that “ Delhi is still a name to conjure with ; it is 
intimately associated in the minds of the Hindoos with sacred 
legends which go baek even beyond the dawn of history." 

As shown in this paper, seeing that Delhi itself takes 
its name from the Iron Pillar, and that it is now the capital 
of our Indian Empire, with its three hundred millions of 
inhabitants, this particular article of iron is of more than 
ordinary interest to the members of our Institute. In view 
of its importance, what follows may therefore be of interest. 
There was formerly a plaster cast or model of it in the 
Victoria and Albert Museum in 1873. The author spent 
some time in trying to find this at South Kensington, but 
finally discovered that it was unfortunately destroyed during 
& fire in 1885, and has never been replaced. 

In the AirJuroloffual Surrey of India, p. 169 (four reports 
made during the years 1862-1865), Sir Alexander Cunning¬ 
ham, C.S.L, Ac., states that one of the most curious monuments 
in India is the iron pillar at Delhi. Whilst there ore many 
large works of ancient times in metal, for example the Colossus 
of Rhodes, the gigantic statues of the Buddhists, and others, 
these were of brass or copper, all of them hollow and built up 
of pieces riveted together, whereas the Pillar of Delhi is a solid 
shaft of wrought iron, upwards of 16 inches in diameter and 
22 feet in length, wolded together, although the welding is 
not altogether perfect. In any case, it was a very creditable 
piece of work for a metallurgist of at least 1600 years ago. At 
one time, owing to its peculiar colour or huo, it was thought 
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to be of ** mixed metal ” or even bronze, this belief probably 
arising from the curious yellow appearance of the upper part 
of the shaft, which Cunningham says he himself observed. 

He adds that he obtained a small fragment from the rough 
lower part of the pillar, which was submitted to Dr. Murray 
Thompson of the College at Roorkee for analysis, who informed 
him that the metal was “pure malleable iron of 7 66 specific 
gravity " Practically pure iron (99*87 per cent, iron) has a 
specific gravity of 7*8477. Therefore, the material of this pillar 
could not have been pure. Probably it was a somewhat inferior 
type of wrought iron, permeated with slag, and high in phos¬ 
phorus, like the Sinhalese specimens described by the author 
in this paper. Pure iron, having the specific gravity mentioned, 
would weigh 490 lbs. per cubic foot; the Delhi Pillar, with 
7*66 specific gravity, would weigh 477 lbs. per cubic foot. 

Cunningham points out that, in true Eastern language and 
hyperbole, the inscription upon the pillar says that “ The 
pillar is called the arm of fame of Raja Dhung, and the letters 
cut upon it are equal to the deep cuts inflicted upon his 
enemies by his sword writing his immortal fame.” 

The actual date of its first appearance is probably about 
A.i). 300. According to tradition, this pillar was erected by 
“ Bilan Deo," or Anang Pal, the founder of the Tomara 
dynasty, who was assured by a learned Brahmin that the 
foot of the pillar had been driven so deep into the ground 
that it rested on the head of Yasuki, King of the Serpents, 
who supports the earth. But the Rajah doubted the truth of 
the Brahmin’s statement, ordered the pillar to be dug up, 
when the foot of it was found to bo wet with the blood of the 
Serpents’ King, whose head it had pierced. Regretting his 
unbelief, the iron pillar was again raised, but owing to the 
king’s former incredulity, every plan now failed in fixing it 
firmly, ami in spite of all his efforts it still remained loose 
in the ground. This is said to he the origin of the namo of 
the ancient city of Dhili. which signifies “ unstable.” 

The Committee of the Iron and Steel Institute, in about 
the third year after its formation (1872, Vol. II. p. 156). 
made some special inquiries with regard to this pillar. It 
appears that Lieutenant Spratt, of the Royal Engineers, then 
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stationed at Delhi, stated the height of the column above the 
ground to he 24 feet, and the depth below ground 3 feet. 
He said that the column or pillar ends in a bulb like an 
onion, which is held in place by eight short thick rods of 
iron, on which it rests, and which at their lower extremity 
are let into blocks of stone, in which they are secured by 
lead. The iron of which the pillar is mode seems to have 
been originally in blooms of about 80 lbs. weight each. 

An excellent paper by Mr. Vincent A. Smith, M.R.A.S., 
Indian Civil Service, “ On the Iron Pillar at Delhi (Mihrauli), 
;uid the Emperor Candra (Chandra),” appeared in the Royal 
Asiatic Society’s Proceedings of 1897. 

There are several important inscriptions upon the pillar, 
a fuU translation of which appears in Smith’s paper above 
mentioned. These, notwithstanding the long exposure to 
wind and rain, are reported to be quito clear and sharp, as if 
no alteration had taken place sinco the pillar was first made 
and erected. 

It is stated that these iron pillars were probably used 
owing to the belief in the special power of this metal to 
counteract demoniacal influence. 

Miss Gordon Gu mmi n g , in her look •* In the Himalayas and 
on the Indian Plains.” says: * 4 1 must first tell you about an 
extraordinary iron pillar, which stands near the base of the 
Kootub, and to which the city owes its modem name. It 
stands 22 feet above ground; some have declared its base 
is 26 feet below ground; others maintain it only extends a 
few feet, and terminates in a bulb like a turnip." The latter 
was later on found to be correct, the exact dimensions of the 
pillar lieing—total length, 23 feet 8 inches, of which 22 feet 
are above and only 20 inches below ground; the upper 
diameter is 12J inches, the lower diameter 16^ inches: the 
total weight is id out 6 tons. 

Sir Alexander Cunningham’s statement that the length 
was not less than 60 feet was apparently based upon 
incorrect data. 

Miss Cumming goes on to say: - It is wrought like our 
finest metal, and shows no symptoms of rust, though it has 
stood here for many centuries. It boars an inscription in 
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Sanscrit, describing it as the ‘ triumphal pillar of Rajah Dhava, 
A.l>. 310, who wrote his immortal fame with his sword.' 
This, however, is the only record extant of his deeds. 
There are several other inscriptions on the pillar, but of 
more modem date. 

“ The Brahmin tradition is, that this pillar was erected in 
the sixth century, after the stars had pointed out the auspi¬ 
cious moment. It went so deep that it pierced the head of 
the serpent god Schesnag, who supports the earth. The 
priests told the Rajah that thus his kingdom should 
endure for ever. But, like a child gardening, he could not 
be satisfied till he dug it up again, just to see if it were so, 
and sure enough the end was covered with blood. Then the 
priests told him that his dynasty would soon pass away. lie 
planted tho pillar again, but the serpent eluded his touch, 
and tho pillar was thenceforth unsteady. So the priosts 
called tho name of the place Dhilli, that is, “ unstable,’ and 
prophesied all manner of evil concerning the Rajah, who 
shortly afterwards was killed, and his kingdom seized by the 
Mohammedans, and since then no Hindoo has ever reigned 
in Delhi. 

“ Nevertheless, the pillar is now firm as a rock, and has 
oven resisted the cannon of Nadir Shah, who purposely fired 
against it. The marks of tho cannon balls are clear enough. 
Hindoos believe that so long ns this column stands, the king¬ 
dom has not finally passed from them.” 

Tho author has been able to obtain several excellent photo¬ 
graphs of the pillar, one of which is shown in Plate XIV. In a 
photograph taken many years ago, no stono base or pedestal 
appears, moreover the stones in the neighbourhood of the 
pillar have been disturbed. This no doubt w T as caused by 
those who excavated to see the depth of the pillar below the 
surface of the ground. This, it appears, was carried out in 
1871 by Mr. Boglar. The photograph shows an interesting 
group of natives examining the pillar. The stone base appears 
to have afterwards been put in order. 

The iron pillar at Dhar or Dharii (the ancient capital of 
Malava, and thirty-three miles west of Indor), which was 
described by Mr. Smith in a paper to the Royal Asiatic 
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Society in 1898, had a total length of no less than 42 foot 
This is specially interesting owing to its extraordinary length. 
The three existing pieces measure 24 feet, 12 feet, and 6 feet 
in length, aggregating 42 feet, in addition to a missing 
fragment, so that if these figures are correct, the column is 
approximately double the height of the Delhi pillar. 

Mr. Smith rightly says: " Whilst we marvol at the skill 
shown by the ancient artificers in forging the great mass of 
the Delhi pillar, we must give a still greater measure of 
admiration to the forgotten craftsmen who dealt so success¬ 
fully in producing the still more ponderous iron mass of the 
Dhiir pillar monument with its total length of 42 feet, which, 
like the pillar at Delhi, is of the Gupta period, or about the 
year 321 of our Christian era.” 

There are also in existence in India several very large 
iron girders_at Puri, ornamental iron gates of ancient origin at 
Somnali, and a wrought-iron gun, said to be 24 feet in length 
at NuwirL 

The author has given a detailed description of these two 
pillars, as they form the only known ancient largo masses of 
iron in the world, so that they are indeed remarkable. But 
little more than a generation has elapsed since objects of this 
size and weight were made possible, even in our time. 


SECTION F. 

Remarks by Messrs. Osmond and Masp^ko 

The author has shown elsewhere in this paper that the 
ancient specimens now examined cannot be termed •• steel ” 
—that is, in the true sense of the word. They are practically 
wrought iron, though, as evidenced in the chisel, there is 
distinct proof that the edges of this specimen have been 
submitted to a carburising or comentntion process of somo 
kind. In this sense, therefore, the chisel may bo termed 
“ steel ’’—at any rate as regards such edges. 

Moreover, if the art of cementing or stcelifying articles of 
iron was known and understood, then with such knowledge 
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it would be quite possible to produce tools possessing excellent 
qualities, as the cutting edges could then be hardened by 
water quenching. If this was so, as appears to be the case, 
then wo can readily understand how the works of stone were 
executed in Egypt. 

Whilst upon this point, reference may bo made to some 
interesting correspondence the author has had with Mr. F. 
Osmond, the eminent French metallurgist. Some time ago 
the author asked Mr. Osmond if he knew of any specimens of 
ancient iron and steel in existence, and also whether he knew 
of any evidence in France as to the ancient Egyptians using 
iron and steel tools. He was, however, unable to point to 
such evidence, but made some inquiries in other directions, 
with the following result. 

These remarks by Mr. Osmond appear to bo worthy of 
giving in full, because they have most important bearing 
upon the question of the use of iron and steel by the ancient 
Egyptians, Moreover, they probably prove that the nature 
of the material used by tho Egyptians was iron of similar 
quality to that found in the aucient Sinhalese specimens 
obtained from the Colombo Museum, and upon which the 
present research has been carried out. 

Mr. Osmond communicated with the well-known Egypto¬ 
logist Mr. Maspdro in Egypt, that in reference to a note he 
(Mr. Osmond) had presented to the Academy on bronze 
work of prehistoric times, he had been told that during a 
certain conversation at a personal meeting between Mr. 
Maspcro. when he was in Paris, and Mr. Berthelot, that ho 
(Mr. Maspcro) had then said that antique paintings or draw¬ 
ings existed, and that these showed each stone-cutter had 
assistants at his side, whose business it was to repair or sharpen 
his tools. From this it appeared that possibly tempered steel 
was not then in use, and that tools were employed made of 
iron or bronze. 

Mr. Osmond then pointed out to Mr. Maspcro that he had 
received reproductions of paintings extracted from Monu¬ 
ment* ih FEfjvpte tt dr la Nubit (Taprts leu detain* tzSmMs 
mr let liciur sout la direction dc Chamjtollion It joint (Paris. 
’ 1845, Firmin Didot) which he thought showed that there 
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were sculptors and stone-cutters who did not appear to have 
assistants to repair their tools. 

Mr. Osuiond asked the following questions:— 

“ Where are the originals showing the stone-cutters with 
assistants ? If there are any reproductions, where can they 
be found ? Are the paintings or drawings showing the 
stone-cutters with assistants anterior to those reproduced 
by Champollion ? If this were the case it might be possible 
to tix the date of the introduction of tempered steel into 
Egypt. 

“ 1 have been induced to investigate these questions by my 
friend Sir Robert Hadtield, Fellow' of the Royal Society of 
London, who has recently obtained some interesting ancient 
specimens and documents relating to iron and steel production 
in Coylon." 

In reply. Mr. Maspero wrote (March 1911) that he had 
been unable to answer Mr Osmond's letter until after his 
return to Cairo. The following are Mr. Maspero's own words, 
which being bo interesting ore quoted in a-tenso :— 

Jo n’ai pu repondre A votre lettre qu’ apres mon retour au 
Caire qui a eu lieu il y a quelqucs jours seulement. Voici 
brievemont cc qu’il y a it dire sur la maticre. 

" 1. Ce quo je raeontais a M. Berthelot n’a pas t!te bien 
saisi; je parlais d’experiences faites par moi vers 1884 1885 
A Louxor. Pour me rendre comptc de la technique des 
sculpt curs Egyptians, j'avais command^ u un faussaire indigene 
de grande habilete une statue en granit de stylo egyptien. 
Assistant A la fabrication, j’ai constate qu’il employait pour 
tailler la pierre des pointes en fer doux emmanchccs de bois 
II en avait une cinqu&ntaine A sa disposition qu’il emmanchait 
au fur et A mesure des besoins. Chaque pointe s'emoussait 
apres trois ou quatre coups de moillet au plus; il la jetuit, en 
prenait uno autre, et im aide mettoit au feu, puis battait au 
marteau les pointes emoussves pour Ieur rendre leur tote. La 
statue a et«S faite—ou plutot le bustc, car olle ne va qu'au 
milieu de la poitrine—en trois surnames, A force d’user le fer 
et de le r&ftermir. A force d’etre frappees les pointes devenaient 
dune duroto tr»*s grande. 

Il n'y a pas dans les monuments do representations oil Ton 
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rencontre un sculpteur avec des aides de oe genre. C’est 
l’nsage modeme, et l’examen des pointes et ciseatix en bronze 
de nos musees m’a suggere I’idee que je viens de vous rappeler 
et que j’ai expose a M Berthelot. 

" 2. II n'y a rien ni sur les monuments ni dans los musses 
qui indique que les Egyptiens aient employe ou m£me connu 
lacier trempA” 

The following is a translation of Mr. Maspiro’s letter: — 

“ I was unable to answer your letter until after my return 
to Cairo, which occurred only a few days ago. This Is briefly 
what there is to he said on the subject. 

“ 1, What I said to Mr. Berthelot was not quite accu¬ 
rately reported; I was speaking of experiences of mine about 
1884-1885 at Luxor. In order to obtain an insight into 
the technique of the Egyptian sculptors, I ordered from a 
nativo copyist of great ability a granito statue in Egyptian 
style. Being present during the production of this statue, I 
observed that tho workman used for cutting the stono points 
of soft iron with wooden handles. He had some fifty of these 
at his disposal, which he placed in tho handle as he needed 
them. Each point became softened after three or four mallet 
strokes at the most. Ho then threw this away, took another, 
and an assistant put the softened points in the tire and then 
hammered them out to put a new head on them. The 
statue was made — or rather the bust, for it only represented 
a half figure—in about three weeks, all Lhe work being done 
practically, as one might say, by wearing out the iron and then 
restoring its punt by forging. By being hammered this point 
became very hard. 

" In tho monuments there are no representations where 
a sculptor is to be found with appliances of this kind. It is 
tho modem image—and by examining the broizo points and 
chisels in our museums, the idea was suggested to mu which I 
have just called to your attention, and of which I spoke to 
Mr. Berthelot. 

' 2. There is nothing either on the monuments or in the 
museums to indicate that tho Egyptians used or even knew of 
hardened steel.” 

As an observation on tho altovo, tho author would point out 
1912.—i. t. 
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that the ancient Sinhalese specimens now described—at any 
rate as regards the chisel—show distinct signs of cementation, 
so that a pointed chisel, by being heated for some time in 
the smith's hearth, or in some other manner, might become 
carburised, and therefore much harder at the point even if it 
was not quenched. It would, therefore, seem from the an¬ 
tiquity of the specimens which were obtained by the author 
from the Colombo Museum, that at any rate at least 1400 
years ago, chisels of iron, apparently with carburised or 
cemented edges, were known and in use. It is therefore very 
probable that the same knowledge existed in Egypt. 


SECTION G. 

Hardness Retentivitv ok Ancient Specimens of 
Iron anti Steel. 

The retention of the hardness of ancient specimens of iron 
and steel is dealt with by Dr. Cecil H, Desch in his recent 
interesting work on Metallography. 

Dr. Desch speaks of the phases retained by quenching being 
commonly spoken of as metastuble. He considered, howover, 
that whilst experimental proof had not been produced, we were 
liound to assume that the metastablo limit had been passed, 
and that the systems are correctly described as labile, not as 
metastable. Quenched specimens, therefore, tend spontane¬ 
ously to assume an equilibrium condition by undergoing the 
transformation which was suppressed by quenching. It is 
uncertain how r far the spontaneous change can proceed at 
ordinary temperatures. White tin. which is only stable nbove 
18°, does not change into grey tin at 0° unless brought into 
contact with the new phase, below 0 the change can occur 
spontaneously, although evon at low temperatures it may fail 
to occur whon the tin is kept for long periods. This would 
seem to indicate that the metastable limit for tin lies much 
below 0°. 

Dr. Desch considers that hardened steel is undoubtedly 
labile at the ordinary temperature; and the presence of the 
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stable phase is not necessary to initiate change. But there 
is little ovidence that softening of steel takes place spontane¬ 
ously unless the temperature is raised. Ho also states that 
•Japanese swords of the fifteenth century, when carefully pre¬ 
served, are found to be as hard at the edge as if newly 
hardened; it would, therefore, seem that no appreciable return 
to the stable state takes place in the course of several centuries 
at atmospheric temperatures. On the other hand, prolonged 
heating of hardened steel oven at lOO 3 produces an appreciable 
softening, and heating at 150°, in a few minutes. The whole 
question of labile and metastable conditions in undercooled 
solid alloys demands fuller investigation. 

1 he above statement by Dr. Desch is particularly interesting 
in regard to the present paper, because it show's that material 
of ancient origin, although found in soft condition, may really 
have originally beon quite hard. Thus, the edge of the 
anciont chisel, described in Experiment No. 2252, distinctly 
shows a defined structure in certain parts, differing from the 
other portion, apparently martensitic, ns if it had once been 
in the hardened condition, but by the efflux of time had 
gradually assumed the condition in which it was now found— 
that is soft. On the other hand, this particular chisel may 
not have been hardened, although the microstructure, by the 
presence of troostite. seems to indicate that this may have 
once been the case. 


SECTION II. 

Description of the Research Experiments. 

Details of the various specimens and an account of the 
research conducted, with the results achieved, muy now be 
given, these experiments being canned out by the author at 
the Hecla Works Laboratory and Research Department. 

Experiment iVb. 2252.—This was carried out upon the 
ancient Sinhalese chisel, being specimen marked No. 1 by 
^ dlcy, and shown in Fig. 1, Plate XV. This dates back to 
the fifth century. The specimen was very rough, but without 
scale, and hail an undulating surface, possibly due to unequal 
corrosion, and it is possible that the material was forged with 
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rough implements of stone. The chisel was about. 10 inches 
in length, and at the upper portion away from the edge about 
l-j^ inch square, [ [j inch by inch in the centre, tapering 
to a point as with modern tools. 


Table 1. — Composition. 


Carbon 

Silicon 

Sulphur 

Phosphorus 

Mjugancsc 

Iron . 


Per Cent, 
trace* 

O'12 
0 003 
0-28 
nil 
W8 


The difference represents slog and oxide. 

Specific gravity, 7'6 9. 

Tensile Strength .—The Frcinont shear test showed 16 tons 
per square inch elastic limit, 26 tons per square inch breaking 
load. 

Shock Test .—The shock test, on un-nicked specimen, showed 
17 kilogrammes, with 85° bend before breaking. 

Hardness. —The Brinell ball test showod hardness numbers 
of 144 and 144 on the opposite side of the chisel. 

The scleroscopic hardness number was 35. 

The fracture was unsound, apparently owing to the exist¬ 
ence of unsountlness or blowholes. The crystalline structure 
showed large sparkling crystals. The microstructure of the 
specimens shown on Plates XVIII.. XIX., and XX. brings out 
several points of interest. The transverse section shows that 
this chisel has been carburised, the section showing the car- 
lmrisod areas to be on two sides. The carburisation varies 
on the two faces from saturation point (0 9 per cent) to about 
0-2 per cent, carbon on the outside edge, and the depth of 
the carburisation from the edge inwards is also shown to be 
variable. The presence of martensite and hurdenite (Figs. 1 
and 2, Plate XYIil., and big. 2. Plate XX.) suggests the im¬ 
portant information that the chisel has been quenched. Some 
of the crystals give evidence of a structure probably due 
to impurities of phosphorus and sulphur. 

The longitudinal photographs of both the chisel and the 
nail show this structure. Fig. 2. Plate XIX. represents the 
transverse section, and Fig. 2. Plate XX, the longitudinal. 
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Further micro-sections were prepared from tho specimen 
cut from the nose of the ancient chisel. These are shown by 

igs. 1 and 2, i'late XV III. Fig. 1 represents a longitudinal 
section from the chisel point where worn down; and Fig. 2 
in the main approximately shows the outside edges of the 
chisel, os indicated by' the black lines. These outside edges 
are naturally somewhat out of focus. These photomicro¬ 
graphs appear, in the author's view, to carry evidence that 
the chisel has been quenched, for the structure is in parts 
martensitic. Iroostite is ‘ certainly also present, which is 
probably the result of tempering by the long lapse of time. 

Tho author believes this to be the first time there has been 
put on record evidence of tho art of cementation having been 
known 1500 to 2000 years ago, as shown by these specimens; 
probably, therefore, such knowledge could Ihj traced back still 
further. 

Jbnpenmenl So. 2253.—This was carried out npon the 
ancient Sinhalese nail, specimen marked No. 2 by Dr. Willey, 
and is shown in specimen Fig. 2, Plate XV. This is probably 
of the same origin and age as the chisel just described. This 
nail is about 13} inches in length, and g inch x -j^ inch at the 
point; the extreme point is miss ing 

Table II .—Comjxmtion 

Carbon .... 

Silicon. 

Sulphur . 

Phoipliurus ....... 

Manganese . 

specific gravity, 7*69. 

Tensile Strength. —The Fremont shear test showed 11 tons 
per square iuoh elastic limit, 21 tons per square inch break¬ 
ing loud. 

■SAocA* Test .—The shock test on un-nicked specimen was 0*5 
kilogramme x 1 degree—that is. it was very brittle. 

Hardness. —Tbe Brine 11 ball test showed hardness numbers 
of 117 and 209 on opposite side of the naiL 

The scleroscope hardness number was 44. 

The fracturo revealed a fine bright crystalline structure. 


Per Cent, 
trace* 

nil 

nm 

ml 
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The microstructure, Fig. 1, Piute XVII., und Fig. 1, 
Piute XIX. iudicule u remarkable conglomeration. 

Pig. 1, Plate XVII.. shows a weld running diagonally across 
the section, and along the edges of the weld there are carburised 
ureas. Another notable point is that on one side of the weld 
the slag shows the effect of the forging, whereas on the othor 
side there is no such sign. The specimen is covered with slip 
bunds, and has evidently undergone severe hammering, pro¬ 
bably in its use as a nail. The carbon in the carburised areas 
exists as granular pcarlite. Fig. 1, Plate XIX, is a transverse 
section, and Fig. 1, Plate XVII., a longitudinal section. 

The longitudinal photographs of both the chisel and the 
nail (Fig. 2, Plate XX„ and Fig. 1, Plate XVII.) show evidence 
of a structure. 

The fragment from the nail was heated and forged well up 
to about 1150°C. As forged, the Brinell ball hardness num¬ 
ber was 120. The same material heated to 1050° C. and 
quenchod in water showed 130 Brinell ball hardness number, 
showing that it was not hardened by quenching. 

Experiment No. 2254. — This was carried out upon the 
ancient Sinhalese billhook, specimen marked No. 3 by Dr. 
Willey, and is shown in Plate XVI. The specimen was very 
corroded, being covered with u thick brown rust. 

The billhook is about 12| inches in length, 3| inches in 
width at the blade, the handle being 4J inches in length. 

Table Ill. — Composition. 

Per C«nL 


Carbon ......... traces 

Silicon . .OKti 

Sulphur ......... O'tKCS 

Phosphorus ........ 0-&I 

Manganese ........ traces 


Specific gravity, 7-50. 

Towle Strength .—The Fremont shear test showed 16 tons 
per square inch elastic limit, with 29 tons per square inch 
breaking load. 

Shock Test .—The shock test ou un-nicked specimen gave 
?-l kilogrammes by 35° bend only. 

Hardness —The Brinell ball test showed hardness numbers 
of 153 and 166 on opposite side of the billhook. 
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The scleroscope hardness gave number 23. 

The fracture showed bright crystalline structure, laminated 
appearance. 

The report on the uiicrostructure of the specimen, as shown 
by photomicrographs Fig. 2, l’late XVLL, and Fig. 1, Plate 
XX., shows that it contains a large amount of slag, and 
appears to represent what would be now termed a somewhat 
low quality of wrought iron. There seems to be practically no 
carbon present, and therefore no evidence of treatment other 
than forging can bo obtained. Fig. 2. Plate XVII., is tho longi¬ 
tudinal section, and Fig. 1, Plate XX., the transverse section. 

Special interest attaches to tho analyses given, as they 
probably represent the only modern complete and accurate 
determination of the composition of known and authentic 
specimens of ancient iron. 

The phosphorus is, it will be noted high, from 0*28 up to 
0"34 per cent., which, however, does not greatly differ from 
modem bar iron. The sulphur percentage is extremely low, 
showing that a very pure fuel — no doubt charcoal — was em¬ 
ployed in tho production of the material. There is very little 
silicon present, and manganese is entirely nbsent, which is 
somewhat remarkable, as nearly all iron contains some man¬ 
ganese. As the specimens from which to produce tensilo 
bars were too small, these wero obtained by means of the 
ingenious Fremont shear-test method. The tensilo quality 
of the material averages about 26 tons per square inch, or a 
little higher than wrought iron. This no doubt is owing to 
the considerable percentage of phosphorus present, which 
stiffens or hardens iron. The Fremont shock tests show fair 
results on the specimen taken from the chisel, namely 17 
kilogrammes, with 85° bend. The other specimens, however, 
show much lower figures, namely the nail (1 kilogramme by 
only 1' bend), and the billhook (7 kilogrammes by 35° bond). 
The hardness by the Brinell method varied from 117 to 166, 
one result from the nail showing 209 ; but this is abnormal, 
and cannot be accepted as representative. The scleroscope 
tests varied from 25 to 44, and as a comparison it may be 
mentioned that water-quenched carbon steel by this latter 
method shows 100, and ordinary wrought iron about 20. 


168 


HAW1EU*: SINHALESE IRON AXI1 STEEL 


From tho microscopical examination and from the other 
tests carried out, the specimens represent u material of the 
type known as wrought iron, and not steel. The specuuens 
somewhat resemble the material known as puddled iron, and 
appear to have been made fruin somewhat impure ore. The 
material is very low in its percentage of carbon, arid, excepting 
phosphorus, also other impurities. There is present, in a 
lumpy, irregular form, quite a large amount of slag, indicating 
that the material bus not been submitted to anything like 
the amount of squeezing and forging that modern wrought 
iron undergoes. 

On etching the longitudinal micro-sections for tests for 
phosphides, tho nail showed a clean weld of pure iron on the 
one side and impure wrought iron on the other. Whereas 
the former is free from phosphides, the latter etches quite 
black, with 10 per cent. CuCl., showing presence of a large 
amount of phosphide of iron. The specimens from the chisel 
and billhook were also etched as macro tests. These are 
shown in Plate XXI. 


SECTION I. 

Conclusion. 

In concluding this paper, the author trusts (hat the facts 
set forth in this research add definite knowledge regarding 
ancient iron and steel. The production of such iron of satis¬ 
factory quality appears to have taken place on a large scale. 
The results set forth in this paper, and the various facts re¬ 
ferred to regarding the production and use of iron in India, 
show that in ancient times metallurgical knowledge existed to 
quite a considerable degree. 

This is not unnatural, seeing that Dr. V. Ball, M.A., F.G.S., 
in his admirable and exhaustive work on the “ Geology of 
India." shows that the deposits of iron ore are very numerous 
in our Indian Empire. He adds his belief that “ there are 
distinct evidences that Wootz was exported to the West in 
very early times, possibly 2000 years ago." Without doubt, 
therefore, as tho natives of India had in bygono ages ample 
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Plate XIV 



The Iron Pillar al Delhi. 



























Plate XV 



Fig. 2.—Ancient Nall, 13J inches in length, fnim Sigiriva (5th century a.n.). 







Plate XVI 
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Plate XVII 



Fk ].—No, 317u. Nail Longitudinal, showing weld. 
Magnified 80 diameters. 



Fid. 2.— No. 319a. Billhook. Longitudinal. 
Magnified 80 diameter*. 























Plate XVIII 
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Flo. 1.—No. 389 a. Ousel, from point. Longitudinal section. 
Magnified 80 diameters. 
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Fig. 2.— No. 389c. C hisel, from point. Longitudinal section. 
Magnified 80 diameter*. 































Plate XIX 



Fic. 1.—No. 317. Nail. Tr.-m-.vrr>*. 
Magnified SO diameters 



Fio. 2.—No. 318. Chisel. Transverse. 
Magnified 80 diameters. 


















Plate XX 



Fig. L—No. 319. Billhook. Transvcise. 
Magnified SO diameters. 



Fig. 2.—No. 31Ba. Chisel. Longitudinal. 
Magnified SO diameters. 



Plate XXI 




Macro-Testi. I .onuiuulin.il Sections from Ancient Tools. 
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sources of iron ore at their disposal, they knew how to pro¬ 
duce iron and steel. It seems highly probable, therefore, that 
they did actually export their products to Egypt. 

If, too, the photomicrographs of the ancient Sinhalese chisel 
represent the current practice of that time, as probably was the 
case the fact that the art of case-hardening or cementing and 
carburising wrought iron—afterwards quenched in order to 
produce articles with hardened cutting odges—was known, is an 
important piece of evidence, and proves tfiat the art of iron and 
steel manufacture must at that time have been of quite a high 
order. In fact, combined with the information submitted 
regarding the remarkable wrought iron pillars at Delhi and 
Dhur, tho pillar at the latter place being at least 44 feet in 
length, and of considerable diameter, it would appear that even 
the production of masses which were not possible in Europe 
until quite recent times, were then undertaken. Beyond 
Nature's own productions of large meteoric masses, the author 
believes he is correct iu stutiug that no such large masses were 
ever known to have been produced in the Western portion of 
oar globe at this period. Eastern knowledge was, therefore, I 
much superior to tliut of Europe. 

It is important to know whether the facts stated in this 
paper warrant the conclusion as they appear to do. that know- 
ledge existed in ancient times with regard to hardening car¬ 
burised iron. If they do, we should then have a satisfactory 
explanation of how the great works of stone, such as those 
seen in Egypt, wore carried out in past ages—-that is, probably 
by means of iron or steel tools, hardened and tempered to 
carry a cutting edge. 

The author will bo more than repaid for any trouble he has 
taken if this paper throws light upon points which havo been 
bofore obscure, or if it adds but a small chapter to the know¬ 
ledge and history of tho fascinating metal iron—the metal by 
the aid of which so much has been done to modify and re¬ 
volutionise the world, specially in its more recent anil modern 
history. 

As regards this revolution, one simple illustration will suffice. 
In the paper to the Royal Society by Farnday and Stodart on 
"The Alloys of Steel,” in 1822 — not very’ long ago — it is 


170 


HAHKIELli: SINHALESE IKON AND STEEL 


described bow the various specimens were carefully prepared 
in London and sent to Sheffield to be melted and east under 
the supervision of an “intelligent and coniidenti&l agent.” 
Although this was only eighty-nine years ago there was then 

no other way of forwarding such specimens except by road_ 

no “ iron ” road existed ! 

It is hoped, therefore, that the research may ho a suitable 
addition to the interesting one regarding Indian steel already 
set l *3fore tho Royal Society by one of its Fellows, Dr. Pear¬ 
son. now more than u hundred years ago. 

The author takes this opportunity of thanking His Excellency 
the Governor-General of Ceylon, Sir Henry MoCallum, for his 
kindness in permitting these valuable specimens to be made 
available from the Colombo Museum; Dr. Willey, F.R.S., the 
then Director of tho Museum, for the trouble he also took in 
the matter; and Mr. G. A. Joseph, tho acting Director of the 
Colombo Museum. To Mr. G. C. Lloyd, the Secretary of the 
Iron and Steel Institute, and his assistant, Mr. L. P. Sidney, 
lor information furnished; Dr. A. K« Coomaraswamy, for his 
permission to make use of photograph No. 10, taken from 
his book on ‘ Medheval Sinhalese Art"; Miss Hughes, the 
Secretary, and her assistant, of the Royal Asiatic Society, for 
affording help with reference to the inspection of that Society's 
proceedings; and to the members of his own Research staff 
Messrs. L B. Milne, T. G. Elliot, and others, for the assistance 
they have given in carrying out this research, his thanks are 
likewise due. 
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DISCUSSION. 

Sir Robert Uiontu), F.R.S., Past-President, in introducing his 
paper, said that with reference to some of Professor Louis’ remarks 
upon the previous paper, he (Sir Robert) hud, upon the table, a photo¬ 
micrograph from the chisel referred to. On analysing that specimen 
it was found that the carbon percentage was quite considerable. On 
one of the sides of the chisel no leas t.lmn 0*1)0 per cent, of carbon 
was found to be present, which might havo been, as Professor Louis 
suggested, the result of the particular kind of method of manufactur¬ 
ing the material in its first stage, and if that was so the carbon might 
not be due to cementation. At nny rate, a high percentage of 
carlion was really present, varying from 0*2 to 0 9 per cent. The 
depth ..f the carburised layer seemed to be variable. The chisel 
seemed to show evidence that it had been quenched, although some 
authorities thought a similar structure could be produced bv hummer 
hardening; in any case it was evident that many thousands of years 
ago the manufacture of iron and steel was well known. .Since the 
paper was written, one of the memhers of the Institute, Sir Joseph 
Jonas, had sent the author a photograph of one of the Pompeian 
frescoes showing two cherults forging a metallic product upon an anvil. 
\\ hether the products being worked were iron it was difficult to say, 
hut the tools- employed must surely have been of iron. Sir Joseph' 
had also sent him the analyses of some specimens of old steel which 
hiR --on obtained in India—in one case the carbon was as high as 
1*84 per cent. 

Owing to the great difficulty of obtaining ancient specimens, those 
now exhibited and the bloom shown by Sir Hugh Bell represented 
particularly valuable evidence of the use of iron and steel in early 
ages. In Ceylon, where the author’s own specimens came from, the 
air was particularly dry, which probably partly explains why the 
specimens in the Colombo Museum collection had been so well pre¬ 
served from rust. 

Sir Itucn Bull, Bart., Past-President, said tluit the paper by 
,v>,r Robert. Ha.lfield dealt with a remarkable series of early iron 
ispirimons, and he lielieved they went to confirm the opinion enter¬ 
tained that in early days iron was unquestionably made dins-t from 
the ore. It was probable that occasionally in accidental cirournstances 
something which distinctly resembled cast iron was made, and the 
makers were probably very much perploxed at it. as they wanted to 
obtain iron tlmt was easy to manipulate. In doaling with tluit sub¬ 
ject he was aware, however, that he was trending on somewhat dan¬ 
gerous ground, because there were those who believed that, certain 
Homan implements found in Great Britain were made of cast iron, 
and his friend Dr. Greenwell of Durham was one of them. 
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Professor J. 0. Arnold, F.R.8., Bessemer Medallist, wrote that he 
had read Sir Robert lladfield's paper with extreme interest, and 
thonght it was well that such papers should, from time to time, be 
presented to the Institute to remind the members of the small begin¬ 
nings of that huge industry to which they were devoted, and which 
now practically dominated the civilised world. 

The paper was extremely interesting as giving concrete data proving 
the existence of iron and steely iron weapons of peace and war of a 
date shortly after the beginning of the Christian era. It was ex¬ 
tremely difficult to attempt to differentiate between the Stone, the 
Bronze, nnd the Iron Ages, os they obviously overlapped in different 
districts of the world over long periods of time ; but apart from con¬ 
crete data, such as that presented by Sir Robert Iladfielil in his admir¬ 
able paper, there was a question of collateral evidence, and perhnps it 
might be permitted to develop that evidence, which threw a different 
aspect over the whole question. In his (Professor Arnold’s) opinion, 
iron, and even steel, existed even back to the border-land where pre¬ 
historic time passed into historical time. Homer, whose writings wore 
generally assumed to be the first authenticated literature subsequent 
to the time of Moses, wrote in the Odytseij, Book IX. (according to 
Pope's translation), the following lines; — 

•• And. »» when armourer* tempered in the ford. 

The keen-edged pole-one or the shining sword ; 

The red-hoi metal hisses m the lake, 

Thns in his eyeballs hissed the plunging stake." 

Those lines were quoted by Rnseoe and Schorlemmer in their clas¬ 
sical Chemistry, and they very truly remnrked, “ This description conld 
have reference only to steel" ; nnd probably referred, in Professor 
Arnold’s opinion, to the puddles! steel of the period. Turning to Grent. 
Britain, there was historic evidoncethat Boadicen.the British "Warrior 
Queen," smarting under her wrongs and oppressions, in a.D. 50 gathered 
together an army, and fiercely attacked the Romnn conquerors in a 
great battle before Colchester; she and her Britons totally annihi¬ 
lated the Ninth Roman Legion. She attacked a second Roman army 
at 8t. Albans, totally defeating it, and the same fate overtook the 
Homans near London, Tacitus, the Roman historian, estimated that 
in those three battles the loss of the Roman legions and their auxili¬ 
aries reached the huge total of 70,000 men. It followed, therefore, 
thnt shortly after the beginning of the Christian era. Boadieea must 
have had under her command something like 100.000 troops, who 
would be armed with swonls and spears of iron or steely iron, in 
addition to the great scythes on the axles of the war chanots of the 
ancient Britons. It therefore scorned certain that long before that 
there must have been in ancient Britain huge armouries for the mnnu- 
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factui-e of weapons, and that the discovery of the reduction of iron 
must have preceded by many years its manufacture on so very large 
a scale. 

Professor Carl Benedicks (Storkholm University) wrote that overv 
one interested in metallography would understand the value of Sir 
Uoliert Hadfield's researches. The interest attaching to such ancient 
specimens of iron might even be greater than that claimed by the 
author. Sir Robert held the view, which might be said to be widely 
adopted, aud had been advocated by the lnte Secretary of the Institute, 
Mr. Bennett If. Brough, that the use of iron had existed from the 
very earliest periods in the history of mankind, and that the non¬ 
existence of remains of those early periods should be ascribed to 
oxidation. Professor Benedicks bail had the opportunity of dis¬ 
cussing the matter with an eminont representative of another view 
of the subject, the well-known Swedish orchirologist, Professor O. 
Montolius, who had consecrated a considerable part of his life to the 
study of the early history of iron. As expounded by Professor 
Montelius, at the Ghent Congress in 1907, the assumption nB to 
the very ancient origin of the use of imn was based mainly on the 
three following considerations:— 

(1) The erection of the pyramids. The inscriptions made by the 
Egyptians in hard stone were difficult to explain without admitting 
the use of iron, as pointed out by Mr. Maspero. The chemical and 
metallurgical knowledge at that period was SO considerable that it 
was unreasonable to imagine that the early Egyptians were unaware 
of how to prepare iron. However interesting such considerations, 
they afforded no proof of the early use of iron, and the question 
involved only the existence of specimens which, although scarce, was 
incontestable. 

(2) Hieroglyphics which had been identified with the word “Iron” 
occurred in the very earliest ages. Professor Montelius, however, 
pointed out that they could just os well bear the signification of 
“ nifctal 1 used for weapons or tools; first copper and bronze and 
later iron. That that was tho case was known by reference to other 
races. Thus, tho Sanskrit word “ Ayassignified in the first instance 
capper or bronze and Inter came to menu iron. 

(3) The specimen of iron taken from the Great Pyramid, and some 
other finds which had been referred to. They had not beeu so 
carufnlly described, nor their exact manner of occurrence explained 
sufficiently, to prove that they might not have been of later origin. 
A very interesting discovery mode some years ago by Professor 
Minders Petrie* of a shapeless iron mass surrounded by some bronze 
tools dating from the Sixth Dynasty (about. 2(1 (X) b.c.) could not be 
taken as a proof that iron instrument,-, were manufactured at that 
time. On the contrary, it was rather a proof that, at a period when 
bronze was still being used for the mannfactuTe of tools, the produe- 

• " Man," a Monthly RttorA »f AntkrvfoUtgical Scituct, voL iii. p. 147, 19(18. 
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tion of iron hml Iwen discovered, but the methods of working it were 
not known. 

The chief arguments against the very early nse of iron were the 
following:— 

(1) Mural pictures from the “Old Empire” (prior to about 2000 
H.c.) frequency showed weapons of copper or lironze, coloured red or 
yellow, hut never of iron (coloured blue) as in paintings of t.he “ New 
Empire” (after 1580 H.C.). Lepsius, who believed in the very early 
use of iron, was much struck by that fact, which he was unable to 
explain. 

(2) As lately shown by Mr. Hall 1 in the long tribute lists of the 
Eighteenth Dynasty (about 1580 B.C.), iron was never mentioned ; but 
during the Nineteenth Dynasty it occurred in a sacred inscription at 
Abu Simbel, in which the god Ptah was made to say that he hal formed 
the limbs of King Raineses II. of electrum, his hones of bronze, and 
his urms of irotj. That was the earliest literary mention of iron, with 
regard to which no doubt had been entertained. From that time 
onwards, pictures showed weapons of iron, according to Lepsius, 
and actual specimens had been preserved. Thus Hail pointed out that 
Professor Petrie* recorded the existence of an iron halherd-blado of 
Humeses lll.’s time as one of the earliest known specimens of an 
Egyptian iron wcapou; its date was about 1200 B.C. 

(3) In all tombs and dwellings from the time of the Nineteenth 
1 lynasty. explored by Professor Flinders Petrie, in the cities of Kahun 
anti (tourob, where immense quantities of flint, copper, bronze tools, 
wooden objects, aud papyrus were dug out, no trace either of iron and 
iron rust could be observed. 

There was thus, in Dr. Benedicks’ opinion, good modern evidence of 
the truth of the statement made by Professor Mnntelius twenty-five 
years ago that the use of iron in Egypt was not earlier than 1500 B.O., 
and that it was not until about 1200 B.C that that metal assumed im¬ 
portance in the Nile valley. Evidences gathered from other races 
agreed with that conclusion. Hie interesting correspondence of Mr. 
Mnspero quoted by Sir Robert also supported Pmf.-ssor Moutelius’ 
contentions. The buried Sinhalese cities were now stated to date 
back to about 500 B.C., and even if the specimens described by Sir 
Robert Hndfiehl did not extend as far hack, it seemed highly probable 
that they were more nearly contemporary with the earliest nse of 
iron than has been assumed. 

Dr. A. K. Coomakaswamt (London) wrote tliat Sir Robert Had- 
field’s paper was not only of general interest as an important con¬ 
tribution to culture history, but of special interest to stndenta of 
the history of civilisation in India. He ho|ssl sincerely that Sir 
Robert might lie able to complete the work from that point of view, 
by publishing the results of an examination of the irou and steel of 

i " \/.ik .i -1/ ntibr KttnJ if Scnct, vol. iii. p. J47 ij*ja 
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modern manufacture in India and Ceylon, as there was no doubt that 
the ancient methods bad been continuously handed down. He might 
mention that those interested would find specimens of Sinhalese steel 
and crucibles, made for him a few years ago, in the Museum of 
I radical Geolog)' at .Icrmyu Street. One other matter might be 
referred to in connection with the general subject of Indian metal- 
lurgv : that, then- remained sin important field for study in the Indian 
bronzes and other alloys. It was to be hoped thnt some competent 
metallurgist might take up that research. It had quite a practical 
bearing for artists and manufactures; for, on the one hand, the 
Colours of the various alloys were of much interest, nnd on the other, 
it might be noted that some Indian brasses tarnished rapidly, while 
others, mostly the whiter kinds, resisted the I»ndou fogs much longer. 

I*r. Allkuton S. Ctshvan (Washington, U.8.A.) wrote thnt ho had 
great pleasure in contributing to the discussion of such an interesting 
and scholarly presentation of an important subject as was given in 
tn»* pnpt r by Sir Robeit M. The history of th« past frequently 

pointed the way to progress for the future, nnd that was likely to be 
quite ns true in the metallurgical arts us in social or political de¬ 
velopment. Ho (Dr. Cushman) was particularly interested in the 
extraordinary resistance to corrosion that was evidenced by those 
ancient irons. It should not lie forgotten that the Sinhalese speci¬ 
mens described by Sir Itobert llrnl field must luive been strewing the 
surface of tlie earth, or have been more or less deeply buried, for many 
centuries, and that they unquestionably represented the ** survival of 
the fittest among the products of ancient metallurgy. Chi mical and 
physical examinations of such ancient specimens might point the way 
to practical improvement in our own age, for one criticism thnt was 
often passed on modern steels wns that their tendency to corrode nnd 
disintegrate stood in direct ratio to the rapidity with which they w« re 
manufactured. In thnt connection, he (Dr. Cushman) thought tliat 
a quotation from a paper on the conservation of iron, which he had 
punted in the Journal of the Franl'lin InrtHutt for April 1911, might 
lie appropriate :— 

" y^ e l* vt ‘ * n a practical age, nnd it is essential that wo should 
consider our great industrial problems from a practical view-point. 
No sensible persons would venture to propose n return to the old 
hnnd-worked methods of manufacture, for inudern conditions could 
not support such an industry. In the old Wootx and Catalan pro¬ 
cesses very pure magnetite and hn-matite ores, first pulverised nnd 
thoroughly lixiviated and washed, were used. They were then little 
by little puddled out by burning with charcoal in a pit or oven, nnd 
stibsi quently l.. aten nnd forged by patient industry to the desired 
form. It seems to bo a law of Nature that her "materials should 
respond to the manipulations of the hands of man, and acquire pro¬ 
perties that inachiiu ry cannot give. As an example of this, we 
nave only to remember the everlasting qualities of the hand-worked 
lacquers and enamels of the Orient, and compare them with the 
1912.—L 
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machine anil brush laid coatings of our own industrial processes. 
The poet Virgil, who lived before Christ, has drawn a picture which 
brings vividly to mind the intense manual labour involved in early 
metallurgical operations:— 

• As when the Cyclops, at th' almighty noil, 

N<rw thornier hasten for their angry god. 

Subdued in fire the stubborn metal lies: 

One brawny smith the puffing bellows plies, 

.And draws and blows reciprocating air: 

Others to quench Use hissing mass ; repute: 

With lifted arms they order every blow. 

And chime their sounding hammers in a row : 

With laboured anvils Etna groans lielow. 

Strongly they strike; huge flakes of flames expire: 

With tongs they turn the steel ami vex it in the fire.* 1 

“ The nineteenth century ushered in the age of steam, and front 
this point the history of iron exerts an even more potent influence 
than liefore over the development of the human race. The names of 
Watt, Stephenson, Bessemer, and Siemens will never require bronze 
monuments to perpetuate them, for as long as iron is made or moves 
they will be remembered.” 

The above quotation presented an interesting picture of the art of 
ancient metallurgy as Virgil was familiar with it. 

As far as the chemical constitution might be taken os having a 
bearing on resistance, the specimens described by Sir Robert Hadlield 
were suggestive and interesting. It was to be noted that all the 
specimens were free from manganese and sulphur, hut high in phos¬ 
phorus. The writer had in his possession some wrought nails which 
were known to have been used in the construction of the Richmond 
(Virginia) Masonic Hall in IR07. For a hundred years those nails 
were in service, and as the old weather boarding rotted away they 
stood half-driven into the old oak studding*. pnrtiallv exposed "to the 
weather. It was most remarkable that even the sharp edges of the 
hand-forged nail heads had not suffered in the least, and were as 
sharp to-day as when turned out from the ancient smithy. That was 
dearly shown in the accompanying illustration (Fig. 1). The chemical 
analysis of that old nail was curiously similar to that of Kir Robert 
Hadtield’s Sinhalese specimen*, being low in manganese and sulphur 
and high in phosphorus. The analysis was as follows:_ 


Sulphur 

Manganese 

Carbon 

Phosphorus 

Silicon . 

Copper 

Oxygen 


Per Cent. 
01)13 
OlJO 
Of 13 
n MB 
0121 
0 027 
0 150 


It would he interest 


dence to see whether 


--- ;ing in the face of that coinci., c .«,- w ore wnetuer 

low manganese with low sulphur and high phosphorus would lead to 
high corrosion resistance in modern material. Fortunately th.- pro 
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durtion of commercially pure iron in open-hearth furnaces in America 
nun It- possible the rephosphoriging of pure iron, and he (I>r. Cushman) 
hoped to eondnct experiments along that line. 

It had recently been claimed that the addition of copper to steel 
increased the resistance to corrosion. An addition of 0'25 per cent, 
uf copper to ordinary steel certainly reduced the solubility in dilute 
mineral acids, but there was no evidence thnt it led to longer life in 
soi vice. When the old chain bridge at Newburyport, Massachusetts,' 
which was built in 1810, was recently taken down, the links were 
found to be remarkably free from corrosion. The first link analysed 









Fin. 1. Shewing lhe relative corrosion of a modern sue! nail and an old forged nail 
in service for ICO years. 

was remarkably high in i-opper (0-35 per cent.). That appeared to 
substantiate the eoppor theory, but sulisetpieut analyses of other links 
showed no copper present, so that again an illustration was afforded 
of the danger of basing conclusions on insufficient evidence. At his 
(I'r. Cushman*) suggestion, Sir Robert llndfield had analyses for 
copper content made on the ancient Sinhalese specimens, and in a 
recent letter he made the following comments: “ I have now made tests 
° n It* * n< l uea ^' on regard to copper with the following 
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I think in a general wav those percentages might be termed coincid¬ 
ences ; certainly they are not intentional additions nf copper." 

“ As regards the effect of nipper in adding resistance, all die speci¬ 
mens are more or less alike, whereas if this clement has any influence 
the nail ought to have shown less corrosion than the others. 1 think, 
therefore, you are right in not accepting the theory that the addition 
of copper will enable iron and steel to resist corrosion." 

In conclusion. Dr. Cushman took occasion to say that he would be 
glad to receive specimens, or information in regard to specimens, of 
irons of undoubted ancient origin which liad proved to lie highly 
resistant to corrosion. 

Professor Henri Le' Chateuer, Bessemer Medallist, wrote 
that he hail road with the greatest interest Sir Robert Had field's 
paper on prehistoric iron uud steel. Apart from the archieological 
importance of the question raised, it seemed to him that some of the 
observed facts possessed even greater practical interest. To liegin 
with, the preservation for centuries, without alteration, of columns 
ex|*osed to extremes of atmospheric conditions appeared to confirm 
the old-established opinion that, iron manufactured by ancient pro¬ 
cesses offered greater resistance to oxidising action than modern 
steels. On referring to the analyses of those columns given by the 
author, one was struck by the almost complete absence, both of 
mangunese and of carbon, which always occurred in noteworthy 
proportions in steels made by melting processes and also by the 
relatively high percentage of phosphorus. It was perhaps to the 
concurrence of those three fuctors that the exceptional durability 
of those ancient. Hindoo irons was to he attributed. 

The presence of troostite in certain portions of the iron which hail 
been cnsedmrdeued and quenched was pointed out liy Sir Robert 
Had field. It was legitimate to inquire whether the martensite 
could not have l>een transformed, in time, into troostite by spon¬ 
taneous annealing carried out at. the ordinary temperature. The 
law as to the variation of the rate of reaction in proportion to the 
temperature would foreshadow that transformation and the partial 
demagnetisation of magnets containing carl sin seemed experimentally 
to confirm that presumption. It would be interesting to submit the 
problem to even more careful experimental checking. Would it not 
i>e possible to deposit at the International Bureau of Weight* and 
Measures in France and at the National Physical Laboratory in 
Kngland, rods or hardened steel in which could be studied from year 
to year the variation of some of the properties which depended on the 
state of hardening, and tequired at the same time accurate investi¬ 
gations on, for example, their exact lengths and their electrical 
resistances ? 


Mr. Isaac E. I.kstek (Birmingham) wrote that the importance of 
Sir Robert Hadfield s paper could only ls> fully recognised by those 
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who hud spent much time among the native workers in India and to 
whom it would prove of almorhing interest. .Sir llolwrt deserved well 
of the Institute for the lime, trouble, and expense he had bestowed 
upon such an excellent treatment of the subject. His researches and 
deductions from archeology and analysis with the further aid of 
micro-examination were extremely valuable, but at the same time it 
was hie (Mr. Lester’s) humble opinion that it was not always possible 
to gunge a process by the product. He hud had the honour, in his 
Presidential Address before the Staffordshire Iron and Steel Institute 
in September last, of dealing specifically with “ Indian iron,'' of which 
subject be bad made a rather close study during over four years' 
residence in India. In establishing steel manufacture in India on an 
economic bast- and seeking successfully to develop some of the great 
natural resources of India, it was desirable to evolve mdio method, 
suitable alike to the labour ami climatic conditions, which would 
result in the blending of the best possible material with native lalmur, 
and the production of steel for all purposes e<|uul or superior in all 
respects to British manufacture for extensive use in India. It was 
thus that he became closely acquainted with the native methods of 
manufacture, and realising that Indian iron and steel were of such 
world-wide renown, his conception was, that could iron and steel be 
produced iu hulk economically, under native conditions, such uu in¬ 
dustry might be for all time established. In the pursuit of that aim 
he had closely studied the development of the process from its remote 
origin (when the elements were fitfully employer] with the crudest 
possible appliances), and as far as recorded, traced it up to the present 
practice on a native basis. From such an examination an insight was 
gained as to the primitive practice and novel methods employed by 
the Lohu or iron worker. 

An explanation of the superiority of Indian iron was sought for in 
the method of its manufacture and its after treatment, and in the 
main, in treating of that subject in his paper, his object was, if 
possible, to correlate and deduce from everyday practice, treatment, 
and results tire exact methods which had been in use for very many 
centuries. 

Briefly stated, his treatment of the subject had l*eeu synthetical, 
dealing specifically with iron (where it was possible to discriminate, 
which he admitted was difficult), and with the intention of dealing 
later with tho specific manufacture of steel. He had pointed out that 
u The low carbon content (in iron and steel) is always variable, and 
with even 0'4 to 0'5 per cent (unburdened) the quality is unsurpassed 
in malleability and ductility." “ The principle involved is the same 
(in the refining of tire iron sponge), viz. the uniting or fusing of very 
small grains with other or huger grains or shots of steely iron content 
in the sponge by kneading or bailing together in a reducing atmos¬ 
phere through an imj>erfoct covering of slag." “ The operative 
ability of the smith makes or mars the quality of his product." 

“ An expert smith or Loha mistree, who ranks higher than a 
smelter producing the sponge, is aware of tire difference between 
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very hard steely iron and a softer one, and by careful selection of 
portions of bis refined product will make an iron (although containing 
carbon) fit for hammering out iu the cold to a dished hollow shape (us 
per specimen cooking vessel) or into un axe or kuttar, as per example 
also." 

“The carbon content in the bowl is 0092 per cent., mangauese a 
trace, anil silicon 0'027 per cent., and in the axe 0-4 per cent, and 0'6 
per cent, respectively of carbou, which near the eye is only O'I per 
cent, carbon.’’ 

From that method he thought it was quite safe to conclude that it 
was not necessary that the method of cementation mentioned by Sir 
Robert. Hadfield should have been known by the native, who for long 
ages had bunded down by east-- the peculiur methods of manufacture 
and treatment, and had met his small, yet exact, requirements by 
judicious treatment of the crude grains of iron and steel. 

He had in his possession edged tools and kuive>, which were vury 
old, and had undoubtedly been made of carefully selected material, 
and where in some coses it was possible plainly to see, by etching, the 
fusing or weld lines where the softer bucking supported the harder 
cutting edge. Moreover, he thought there was much point iu the 
native practice of manufacturing articles of that kind, for it was 
recognised by the native that a much bettor blow was effected without 
the risk of shattering the weapon or tool, which, if of hard steel 
throughout, was more liable to breakage or splitting. 

With regard to hard cutting tools such as were mentioned as 
having been in uie in Egypt, he (Mr. Lester) thought tliat such tools 
were steel, possibly of Indian manufacture, and such as were to the 
present day nsed by native quarrymeu in Indio, who “get- ' the 
hardest ruck by letting the round-sha|>ed !»r fall through their hands 
continually on the same spot, which when hollowed was rinsed of 
powdered rock by washing out with water. That served to keep the 
end of the l«r or blunt chisel cool, and to present a fresh striking 
surface each time. The process was a slow one, hut sure of result--! 
He sincerely trusted that an examination of the Delhi “lat” would 
be jtossible, for of one thing he felt quite assured, namely, that the 
column was of iron containing carbon, which hud been produced in 
some one of the furnaces and by one of the methods he had described. 
He also lielieved that the analysis would vary throughout the whole 
length, although, generally speaking, the carbon would not he high 
and much slag would be found to be enclosed. 

Dr. W. M. Flwdbhs 1’ttnux, F.R.S. (University College, London), 
sent the following interesting communication with reference to the 
ancient metallurgy of iron and steel in Egypt:_ 

Iron was known in Egypt from the middle of the prehistoric 
civilisation (about GOOD to 7000 ire.) onwards, being well authenti¬ 
cated in the subsequent ages of tlm IVtli, Vlth, Xllth. XVIIlth, 
XXth, and XXVth dynasties. It was only found sporadically, and' 
was never in general use until about 500 B.C. That strongly showed 


CORRESPONDENCE ON HADFLELD’b PAPER. 


183 


that native inin was the source, and not an artificial product by reduc¬ 
tion, which would have been repeated. The pure haematite beds, 
carltouiferuus strata, and immense basalt flow of Sinai furnished a 
likely source for native iron. 

The first general group of iron tools belonged to the time of the 
Assyrian invasion uf Egypt (l»C6 n.c.), and was found at Thebes. 
When magnetised they mostly retained permanent magnetism, showing 
that they were hardened to some extent. They were now at the 
Manchester Museum. 

An entirely different question was that of the Egyptian methods of 
stoue working. From the absence of iron tools until late times it 
seemed clear that iron was not used. For soft stones, copper and 
bronze chisels were certainly used, as Professor Petrie hail found them 
in Sinai, where there was no stone but sandstone. For hard stones 
hammer dressing with stone discoid hammer* was universal; the 
hammers were very commonly found. For line work, sawing and 
tube drilling with emery was the regular method. The examples of 
such work in granite were common, with saw-cuts over 7 feet long. 
There was strong evidence tliat fixed cutting points were used, as well 
a« loose powder. For complex forms, as sculpture and raised signs, a 
hand graver of copper, fed with emery, was used. 


Kkterkncbs. 

Am in jriwni/.—" The Labyrinth," by Petrie, Maekay, and Walnwright. Just 
being pul.lUlied. 

For tnyrtsn iron too U .—“Six Temples at Thebes." by Dr. Hinders Petrie. Plate 
XXI. 

For mtlhrjtht of atom intriint/. —“ Pyramids and Temples of Gizeh. by Dr. Flinders 
Petrie, Plate XIV.; and •* Arts and Craft* in Ancient Egypt." chapter vii. 

Mr. Vixi'K.vr Smith (Oxford) wrote giving a few references which he 
hoped might be of use to Sir Robert Hadfield. Sir Robert referred to 
“the ingenious artist, Mr. Stodort,” but had not apparently noticed a 
[taper by tliat gentleman, entitled “ Brief Account of Wootz or Indian 
Steel,” by J. S tod art (undated, but early in 19th century), to be 
found in the quarto volume of “ Pamphlets,” vol. ccclxxxix., in India 
Office Library (printed Catalogue, p. 524). The account of the ruins 
of Sigiriya, as published in the Royal Asiatic Society’s Pnxxflirvjr 
for 187(5, had been supplemented by the more recent reports of the 
Arclueological Survey of Ceylon, especially Mr. 0. H. P. Bell’s Report 
for 1905 (“Sessional Paper,” xx., 1909), and also his (Mr. Vincent 
Smith’s) new book, “ A History of Fine Art in India and Ceylon." 1 
The Iron Pillar at llelhi was referred to on pp. 130 note and 174 
of that work. As to the early use of metals in India, references 
might also be made to Mr. Smith's papers, “The Copper Age and 


1 Clarendon I'reu. Oxford, 11111, quarto, 386 illustration*. 
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Prelustoric Bronze Implements of India,” 1 atul the ‘'Supplement” to 
above, 2 illustrated (March number). 

Professors Flinders Petrie and t'urrelly dwelt with the subject of 
Egyptian tools in “ Hesearches in Sinai,” Murray, 1906 , p. ]t;j. 
Professor Petrie found copper chisels at Sinai. In u lecture (Nov. 
1»U8) he said that copper could be hardened by (1) use of arsenical 
ore; (2) imperfect refining, leaving some oxide j or (3) long-continued 
hammering; and referred especially to Egypt. 

The alleged Cujomti derivation of Wootx was highly impruhohlo. 9 

The use of iron did not seem to he alluded to in the’ Rig-mia. The 
oldest “ Veilic literature " covered many centuries. Mr. Smith was 
disposed to derive the kuuwledge of iron in India, at least in Northern 
India, where u “copper age” existed, from Babylonia. 4 

The civilisation of Southern (I)rnvidian) India was probably intro¬ 
duced by sea, perhaps from Babylonia also. Quantities of ancient 
mm implements occurred in the megulitbic monuments and prehistoric 
cemeteries. As to the prehistoric remains, there was a select list of 
references in the chapter by Mr. Smith on “ Prehistoric Archaeology " » 
The subject of the early use of iron iu India wns a big one. Southern 
India did not «?om to have had either a c ip[ier or a bronze n-n- 

The Hindu form of Delhi was “ Dilh." The derivation was unknown. 
The iron girders at Konirak (not Puri) were of the thirteenth century 
1 hey were made up in n clumsy manner by defective welding. 



a /*«/.. J907. 



■1 (Clarendon P.V n. : ^ pp . 
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Flrnt lo point out, presumably ulsiut 1858, tli.it tlie pillar was of 
wrought iron, ami that it lu»l been tuaile by welding snntll pieces into 
tin* end of a shaft or bar. Whether Mr. Wood published bis views at 
the time, be (Professor Turner) did not know, but it was certain that 
so early as 1K7I Mr. Kola-rt Mallet bad stated: “ We are thus obliged 
to consider that this pillar is not a casting but a bilge forging in 
. . . wrought iron," while shortly afterwards Mr. (». IM. Fraser con¬ 
tributed a long letter to the A'nt/imrr, vol. x.vxiii. pp. 19, 20, in which 
the fact i« very dearly expressed that the pillar was made of nudle- 
ablo iron and piodur.il by welding together successive lumps or 
Mootees of wrought iruu which had been produced iu a primitive 
blast furnace. Reference might furtlier be made to an interesting 
paper on the “Very Early Use of Iron,” by St. John Vincent Day,' 
in ii hich much attention was givon to Indian iron manufacture and 
pot licidarly to the Hellii pillar, which was drawn and described in 
detail. A .piiitatkin was also made from the “ Arrluc..logical Survey 
Report to the Hovernment of India for 1861 to 186*2,” in Act 65 of 
which Col. A. Cunningham referred to the pillar as being a solid 
casting of mixed metal, the whole length of which was not less than 
•>0 feet and the woight upwards of 17 Ums. As those erroneous state¬ 
ments led to considerable controversy and impiiry, in which the Iron 
and Steel Institute took part, it would be interesting to know bow 
ll 'y. Cl,u ^ he reconciled with the remarks attributed by 8ir Koliert 
Hailfield to Sir Alexander Cunninglmui on page 154 of the pu|»er under 
discussion, and where it was correctly stated that the pillar was up. 
W<l |a i°^ " l h-'i'gth (above ground) and of solid wrought iron, 

welded together. If the errors which unfortunately crept into the 
curlier reports wire corrected between 1862 and 1865, it would lie 
interesting to have the fact placed on record. 

Sir Ron cut HxnriELD, in replying, expressed his obligation for the 
vinous interesting communications on his paper. Mutters of tluit 
nature, however, did not leave much room for discussion. He tluinked 
>r Arnold for his valuable statement, which would be found to be 
“‘y. home out by those who could find time to pay a visit to the 
; rltll, h Museum and see the valnnhle collection of specimens of ancient 
iron weapons. Professor Benedicks sent some interesting statements 
with reference to remarks by other investigators. He (Sir Robert) 
wou ,1 |K,n,t out, however, that iu his paper lie had, as far as iiossible, 
trie.1 to confine his research to specimens of definite antiquity. 

If the present paper lutd brought out nothing more than the very 
vniuable contribution of I>r. Cushman, he would have felt repaid for 
ins labours. The question of corrosion dealt with by l>r. Cushman 
was ° great importance. To find tluit the specimens upon which the 
author had experimented and dealt with in his paper threw light upon 
the interesting problem of corrosion was indeed most satisfactory 
lbe excellent suggestion made by Professor H. Le Chutclier as to 
depositing iq>ecinien rods of uuhardened and hardened steel at the 
1 Wi V »/tir Pkiljiofkictl Socuty of GU,gou,. I(CJ, voL m. . No. II, p. S3S. 
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International bureau of Weights and Measures in France, and at the 
National Physical Laboratory in England, should certainly be followed 
up. The author would also suggest the National Bureau of Standards 
*i} the United States and the Reichsanatalt in Berlin as suitable places. 
No doubt in time very valuable evidence would then be accumulated 
with regard to the various physical properties of steel which depended 
on the state of hardening. 

With regard to the concluding portion of Professor Tamer's re¬ 
marks, then- was not apace to quote in full the Cunningham reports, 
but the references to those reports would show that the quotations 
made by the author represented the erroneous belief prevailing at 
that time. b 
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FURTHER NOTES ON THE EARLY USE OF 
IRON IN INDIA. 

Com mini CATE o BV H. G. GRAVES (United S&bvice Club, Calcutta). 

At the time when Sir Robert Had field was describing, before 
the Royal Society of Loudon, the “ Early Use of Iron in Ceylon 
and in India,’’ the present author was at Konuruk, where 
he made notes on the subject of the big iron beams found in 
that locality, with the intention of sending a description of 
them to the Iron and Steel Institute. Tho two largest are, 
approximately. 35 foet long by about 8 inches square, and 
251 feet long by 11 inches square, respectively. The latter 
beam bus one end broken oft*, so that its original length is un¬ 
certain, hut the piece, as it now lies, weighs about 9000 lbs 
The end shows its method of construction by welding up of 
blooms, and further particulars in this connection are given in 
this note. 

In these circumstances, the author felt that the accompany¬ 
ing further notes relating to the early use of iron in India 
might he of interest to members of the Iron and Steel 
Institute, and of no loss interest to Sir Robert Hadtield himself, 
as a supplement to his own valuable paper. 

Thorc are three instances in India of very large forged iron 
columns and boams which can ho ascribed to a period prior 
to a.ii. 1000. Tho exact dates of their production are not 
ascertainable with any approximation to certainty, and as 
othor details of their size are not readily available, the 
following notes have been written. 

The best-known example is the iron column at Delhi. 
Roughly, it is 23 feet 8 inches high, and ranges in diameter 
from 16^ to 12 inches. Its weight is estimated at about 6 tons. 
The column at Dhar, in Central India, which is now broken 
into three pieces, is however larger, being about 43 feet long 
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and square, to octagonal, in section of 11 to 10 inches square. 
Its weight may he taken us 7 tons, or a ton heavier than the 
Delhi pillar. The third, and least known, is at the so-called 
Black Pagoda at Kanarak or Konarak in Orissa, possibly the 
most noteworthy of all. as the pieces are so numerous and all 
are of very considerable size. The largest is a rectangular bar. 



r Hi. 1. —Plan of Temple at Konarak. 

25 J feel in length and 11 by 10 } incite in .notion. 1, i, ,,„ t 

but in its present state it turn* .nigh tivor 4 t„„». r h , b 

largest is an unbroken rectangular bar. 35 fact l„ng an,I 7 t„ 71 

inches square. weigh,ng about 0000 lbs. Altogether scattered 

around the temple. are twenty-nino piece, iu ^ 

less than o rnches square in section. Son... „r ,i 

.m'h 5 or ti feet in length, and. could they be n,.tebcd u“'„nM 

probably reanlt in not fewer tban twenty complete be'atns 

The Ikon Pillar at Dhar. 

A full and accurate accmmt of the i,„„ p UUr „ nk , r js 
green by Mr. Henry Consent „n page, o 0 5 lo 212 
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Annual Report, 1902-3, of the Archeological Survey of India, 
issued in 1904 from the Government Press at Calcutta. 
From this Report, which is illustrated by views of the four 
faces of the pillar, the following details arc taken. The pillar 
is in three portions, which aro now scattered in tho town. 
The longest portion is 24 feet 3 inches and is square in section 
throughout; the second is 11 feet 7 inches, of which 8 feet 



—Right-hand bottom corner very cindery and irregular. 

Left-hand vertical aide particularly good metal. 

G inches is squaro and 3 foot 1 inch octagonal; and the third 
piece, 7 feet 6 inchas in length, is of octagonal section except for 
a circular section at one end. 8 inches deep. The octagonal 
section Is very irregular in form. The total longth Is 43 feet 
4 inches, and the average section is 10 J inches square. One 
end of the longest piece, which was originally the base, is 
slightly bulbous, lasing It to 11 J inches wide at 2 feet from 
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the end, while the rest measures 10J to 101 inches. Al¬ 
though the length iB given as 43 feet 4 inches, it is quite 
possible from consideration of the proportions and sizes of 
the octagonal and square portions, that there is a fourth and 
missing piece, which would bring the total length up to 50 feet. 

An inscription, dated in the forty-fourth year of Akbar's 
reign. a.l>. 1600, was engraved on the fallen column, so that it 


7' 



would bo upside down if tho column were re-orected. Inscrip¬ 
tions earlier than this, yet later than the fourteenth century 
hail been engraved the right way up near the foot of the 
column before it fell. 


Upon the masonry basement, where the larger piece reclines, 
are three great rock boulders which were bound together by 
,ron bands and had a socket in the top 20 inches deepen which 
the foot of the p.llar was gripped, The iron bands securing 
them passed through them horizontally, and their pressure 
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was spread over the boulders by vertical flat iron bars, 
inserted at intervals under the bands in slots cut for the 
purpose. 

One curious thing about all three sections is the presence 
of a number of holes at intervals varying from If to 3 inches 
in depth, and in diameter about 1 f inch. They run up each 


Fig. 4.—End View of Beam shown in Fig. 5. 


of the four sides of the square shaft and corresponding faces of 
the octagon. They are too far npart and too irregular to have 
been used for climbing purposes. Mr. Cousens suggests that 
these holes were intended to hold tommy bars for turning the 
mass while it was being forged. One hole still retains, im¬ 
movably jammed in it, the broken end of a bar, while all the 
rest are empty. At the Iwttom end is a hole 3 inches deep, 
which probably fitted over a socket-peg during erection. 
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Fn;. 5. -Plan of Hc*m shown in Fig. 4. 
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The very meagre details of the history of this pillar give 
no clue as to who caused it to be made, or for what purpose 
it was forged. Most probably it was designed to carry an 
image or symbol on the circular neck at the top. and it was 
set up before a temple as a special gift, or as a “ juyastambhn 
or column of victory. The form, with a square base and 
octagonal upper portion, is analogous to columns of the 
Gupta period (date a.d. 320 to 480), but there are no original 


- 7i'- 



inscriptions on the column itself, or sufficiently definite refer¬ 
ences elsewhere, to give a basis for anything but the vaguest 
conjecture. 

The pillar was probably entire in a.d. 1304, when it stood 
at Mandu, some 22 miles from Dhar. It was thrown down 
by the Mohammedans and broken in two pieces. After 100 
years the larger piece was brought to Dhar, about 1403, where 
it was erected, but knocked down and again broken into two 
pieces about 1531. Even these dates are somewhat uncertain, 
and both these and later accounts vary considerably in details. 


1912.—L 


N 
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The Iron Beams at Konarak. 

Although the largest mass of iron at the Black Pagoda 
at Konarak was probably smaller than the Delhi pill&r, 
yet the place is specially remarkable because of the number 
of large beams still existing and lying scattered around the 
building. 


H --- 9 * 

I 



Fig. "-—truemint En«l of Iron Ream al Konarak 


This is hardly the place in which to outer on a disquisition 
os to the age of the temple. That matter has been hotly dis¬ 
cussed from time to time. Fergusson. relying on the comnara- 
live architecture, ascribed it to the latter half of the ninth 
century, but others have placed it u l ate as a d 1241 The 
“ d or the U givj ‘4 Bi.ll 
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Etc;. 8.—Photograph by J. W. Mi-ares o( two iron beams lying on the portico of the 
I Hack Rag.-sla at Konarak. Onssa. The nor against which the walking-stick stand* 
is deeply weathered as if by sand-blast except at the ends. The central line are 
holes with intervening thin bits of metal bridging the sides at the hollow all down the 
centre of the heamsjmto'which a stick can be thrtut. 



Flu. 9.—Top of Beam lying near handle of walking-stick in Fig. 8. 
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Swamp in a work entitled “ Konarka, the Block Pagoda of 
Orissa," published by the Government of Bengal in 1910. 
This work is illustrated by plans, elevations, and photographs. 
He inclines to the middle of the ninth century for the 
inception of the building, and the completion of tho later 
parts in the thirteenth century. In his opinion the temple 
was completed, and its fall was caused mainly by the re¬ 
moval or collapse of the heavy u unit ” forming the top of 
the corbclled-in roofs, which then gradually sank inwards 
and fell. 

Tho temple lies some 20 miles from Puri, which is twelve 
hours by rail from Calcutta. It can only be reached across 
the loose sandy dunes and plains in a jHtli.% or on horseback. 
Riding ponies are not available in Puri except by special 
arrangement. Near tho tom pie there is a small rest-house, 
but very few supplies are available from the small adjacent 
village. Tho traveller has to rely entirely upon what he 
brings with him, so that at the time of the author s visit it 
was impossible to get samples of the iron. Even the camera 
failed to produce more than one picture, and that not of the 
best, so reliance is placed on rough sketches made by the 
author and his friend, Mr. J. W. Mearcs. 

Originally the beams were used as supports under the lintels 
of the doorways and to expedite the oorbelling-in of the roof. 
On a very much smaller scale similar beams can now be seen 
in the so-called garden temple at Puri which is one of those 
accessible to the non-Hindoo public. Full dimensions of 
these beams are given below. 

The Konarak temple has been closed up and filled in with 
masonry and sand to prevent further fall*, so it is not possible 
to say exactly where the beams were originally placed and 
whether there aro any left t» situ. Nearly all the beams 
have been broken by the fall. Some are very heavily rusted 
but many are scarcely affected, or have a very thin and closely 
adherent coating. One beam which is now lying on the 
portico, has evidently been partially exposed for a Ion.- period 
to the sandy winds, for it is worn down at least ,m inch in 
dopth, enabling the defective structure to be seen 

This particular beam and the fractured ends show very 
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clearly that the method of manufacture was by welding up 
small blooms, generally about 3 or 4 lbs. in weight. The 
blooms aro commonly 2 by 1 inch in section, but occasionally 
- by 2 inches or 1 by ! inch, and a common length is about 
ti inches. In a fow cases the blooms may have boon larger or 
the welding was done more effectively. The rough sketches 
appended to this paper show with fair accuracy the relative 
sizes and disposition of the blooms in several beams. Many 




Kig. It).—Bloom in Beam at Konarak. 

of the broken ends show the existence of irregular and some¬ 
times uniform cavities. It is possible to thrust a stick down 
some of them to a depth of 7 or 8 feet, and the sand-blasted 
specimen shows a cavity nearly the whole length of the beam. 
From these hollows, bits of cinder can be raked out. 

The author regrets that he is not a sufficiently good smith 
to say definitely how the blooms were welded in situ, but 
it seetns more than likely that the blooms were welded 
singly, or possibly two or three at a time, on to the end of the 
work. In some places, however, it looks almost as if the 
blooms were welded together in strings to form short bars, 
which were then in turn welded into place. Either method 
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and the large size of the beams would uccount for the very 
defective interior welds. No care has been taken to make 
the blooms break joint, either longitudinally or in cross-section, 
though the longitudinal welds generally show as lap rather 
than butt welds. Externally the beams are well finished, 
though the cracks and lines show where joints were. 

In the illustrations to this note, Fig. 1 is a rough plan, 
reproduced from Bislmn Swarup’s book, of the temple at 
Konarak, on a scale of 12b feet to the inch, to show where 
the pieces of iron learns are now lying. Until five or six years 
ago they were buried by sand drifts, and were moved during 
the excavation and repairs. Figs. 2. 3, 4, 6, and 7 are end 
views of fractured beams, showing roughly the disposition of 
the welded blooms and the defective welds. The lines of the 
welds are perfectly clear, and often show more than traces of 
cinder. Fig. 5 is u plan view of the broken end shown in end 
view in Fig. 4, the corresponding comers being marked 
A B C D in the two views. Fig. 8 is the reproduction of a 
photograph ou the portico (whore three pieces are marked on 
the plan. Fig. 1) showing two complete beams. The upper 
beam is partly cracked across near the handle of the walking- 
stick. It was covered with a thin but closely adherent layer 
of oxide that almost detied removal by scrubbing with sand 
Partly polished, it showed cinder or weld lines as illustrated in 
Fig. 9. Although some of the beams wore so heavily rusted 
that flakes half a foot square and half an inch thick ooidd 
be scaled oft', most of thorn were only superficially oxidised. 
Apart from defective wolds, tho beams are solid masses of 
metallic iron, that, for purposes of sampling, would defy any¬ 
thing short of explosives, an oxyacetylene blowpipe or much 
strenuous work with a hack-saw. The bloom, shown in 
elevation and plan m Fig. 10, was so firmly attached that it 
was impossible to removo it in the absence of tools, but may¬ 
be taken as typical of those used in all the lieams 3 

The beams are nearly all of uniform size, and square in 
section from end to end, varying not more than half an inch 
except at the extreme ends. The greatest variation in size is 
in one beam, which is 7 inches square at one end and increas¬ 
ing to 9 inches square at 3 feet from that end. It is 14 foot 
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long, but the end which is broken off has a section of 8 by 8J 
inches. It iB only in this one beam that there is such a con¬ 
siderable variation in section, and the author is strongly of the 
opinion that there is no indication that the makers had any idea 
of using a greater depth of seotion in the centre of the length 
or of disposing the metal to attain its proper strength. The 
beams are simply square bars, so imperfectly welded that they 
could not have supported very much more than their own 
weight. All the same they are wonderful productions, into 
which labour must have been poured like water, irrespective 
of cost. 

The annexed list, made by Mr. N. C. K. Chaudhuri, the 
district engineer at Puri, shows extensive use of iron in the 
Oundichabari or Garden Temple at Puri. This is the temple 
where the images of Jagganath (Juggernaut) and his brother 
and sister, Balabhadra and Subhadm, are taken on three cars 
for ten days in June or July each year. The list shows the 
dimensions of 239 pieces, ranging up to IT feet long and up 
to 6 by 4 or 5 by 5 inches section. Apparently there is a 
similar extensive use in the main temple, which is not accessible 
to non-Hindus. It is said that the false roof in the tower 
is supported by iron beams, one of which, about 20 feet long, 
fell in 1877 or 1875. 

Tho garden temple is probably contemporaneous with the 
main temple, which was built not later than the first half of 
the twelfth century, and possibly oarlier. The surrounding 
walls, in which the beams are also found, are contem¬ 
poraneous. but the main temple certainly had considerable 
additions up to the fourteenth or fifteenth century. Whether 
these contain iron or not the uuthor is unaware, nor does he 
know whether the great temple at Bhubaneswar (closed to 
non-Hindus), between Cuttack and Puri, contains iron. It was 
built probably in tho eighth century, and from its size and 
style it would ap]>ear to have beams. The smaller temples at 
Bhubaneswar which the author has seen, of somewhat later 
date, do not contain iron to the best of his recollection ; but 
if they did they would not be big pieces. Nor do tho temples 
at Khujaraho, or Khajraho, in Chhatarpur State, Central 
India (also seen by him), which are still later but of the 
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same style (see Fergusson’s “ Indian Architecture ”). In any 
case it may be assumed that from the eighth to the twelfth 
century, and possibly one or two centuries before and after, in 
the Orissa districts there were smiths capable of forging large 
masses of iron in quantities. 


Ikon Beams at the Gundicha-Bari or Garden Temple 

at Puri. 


1. At the Lintel* of Doort in the Outer C-omponwl Wall. 



No. 

Back door . . 

1 


• « • • * 

{ 

i 

Front „ ... 


*J 

2 



2 

M t* • • • 


1 


It 


Length. 

Breadth. Height. 

Ft. In. 

Incbcv 1 nchc-. 

ID 5 

3 1 

7 7 

3 4 

11 S 

3 « 

8 5 

3 « 

n i 

r. 3 

11 H 

5 3 

H II 

5 3 

12 n 

5 .1 


2. At the Lintel* of the Outer Drew of the (Jan ten Tmijle. 
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3. .-1/ the Lintel* of the Inner Door » of the Vnnten Temple. 



No. 

Length. 

Urcailth. 

Height. 


Ft. In. 

Inches. 

Inches. 

12 

17 2 

5 

4 

-i 

10 10 

6 

4 

Ifi 





5. Dr nine Mow Tem/tle. 


No. 

Length. 

Hresutlh. 

Height. 


Fl 

In 

Inches. 

Inches. 

7 

fi 

0 

5 

4 

53 

8 

0 

3 

3 

!« 

2 

0 

3 

3 

17 

3 

0 

3 

3 

2 

l 

0 

3 

3 

1 

1 

0 

3 

3 

18 

2 

0 

3 

3 

112 





" 
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6. Beam* at the Corner of the Temple Room. 


No. 

l-ength. 

lirrjrlth 

Height. 


Ft. In. 

Inches. 

Inches. 

4 

2 w 

3 

2 

4 

t 0 

3 

S 

4 

- (> 

3 

2 

4 

1 0 

3 

2 

ia 









(A) i Vuniber of Beam* at the Lintel» of the Door*. 
Item l . .. 12 



Total ... as 


(B) Jfttmtter OJ Beam* Mow Temple, Billar-liates, ,{r. 

I‘era * . . 

•• 5 . 112 

“ 6 . . 


Total 


141 
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note on some remains of early iron 

MANUFACTURE IN STAFFORDSHIRE. 

Br Pbofesso* THOMAS TURNER, M.Sc. (Univkkmty or Bikmingiiam), 

About a year ago. Mr. Benton, who at that time was in charge 
of the art classes at Bournville, and who is much interested in 
aroliroology, drew my attention to some ancient remains of 
iron manufacture which are met with in various parts of the 
districts around Birmingham, and particularly in the vicinity 
of the site of Little Aston Forgo. The ruins of this forge aro 
situated at a distanco of rather more than a milo to the 
south-west of Shenstono. Its position is indicated by a cross 
on the map (Fig. 1). 

In September 1911. Mr. Benton was good enough to 
accompany me on a visit to the locality, where 1 saw a 
number of lumps of iron, or “ ham-bones." Some of these 
were in heaps, some had been used as rood metal in the 
bye-lanes, and others wore scattered about in various places. 
1 understand from Mr. Benton that a few years ago there was 
a heap containing many tons of such iron, but this had been 
removed since his previous visit. 

Mr. Benton informs me that “ham-bones" were also cer¬ 
tainly produced at the Old VVitton Forge, near Birmingham. 
The site of this forge is now part of Kynoch’s Works, which 
include a corner of the old Roman camp at Perry Barr. 
Sand well Mill, on the river Tame, where it is crossed by the 
lane from Newton to New Inns, is another locality, near 
Birmingham, where “ ham-bones" are to be seen. 

A sample in excellent preservation was found in the farm¬ 
yard of Mr. Grundy near Little Aston Forge, and he was good 
enough to forward it to the Metallurgical Museum of the 
University. I afterwards requested Mr. A. S. Koep to make 
further inquiries into the subject, and the result of these 
inquiries aro incorporated in the following observations. 
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Although iron was undoubtedly produced in Staffordshire 
on a limited scale at a much more remote period, the history 
of the iron trade in the county appears to have begun with 
the dawn of the seventeenth century, or say half a century 
prior to the work of Dud Dudley. It has, however, bocn 
conjectured, from the scoria at West Bromwich and other 
places, that Staffordshire was the seat of the iron trade in the 
time of the Romans. 

It is of course well known thut tho Romans conducted 
iron smelting on a very large scale in tho Forest of Dean and 
other localities, and it is stated that iron was also smelted 
at Worcester, but the ore was probably brought from Coal- 
brookdale. Iron was smelted at Uttoxeter in the thirteenth 
century, and this was possibly in a survival of a very early 
furnace. Iron was also made at Cannock Forest in 1588. 
In 1500 a decayed forge with a chafery existed at Little 
Aston, near Shenstone, but there does not appear to have been 
a furnace there. It is with this ancient forge that we are 
at. present, interested. 

As previously stated, around the site of thus old forge, for 
a considerable area, large quantities of metallic iron have 
been found, the total amounting to hundreds of bins. The 
occurrence of these lumps of iron are so frequent as to be 
a source of trouble to the ploughmen. The lumps or pieces 
are all approximately of the same general shape, and vary 
in weight from about 20 lbs. to half-u-hundrcdweight or more. 
When perfect, each has a round or basin-shaped lower surface 
and a level top, with a projecting piece somewhat of the 
uature of a handle. From their peculiar shape they are 
known locally as " ham-bones,” a name which aptly describes 
their appearance (Fig. 2). 

Samples were taken from several of these *' ham-boncs for 
the purpose of analysis. The metal drilled easily, and tho 
turnings were dark in colour and blackened the skin when 
rubbed on the palm of the hand. At first it was supposed 
that the metal was soft grey cast iron, resembling the 
ancient Sussex iron I have elsewhere described, 1 but it was 
observed that the blackening of the hand was different in 

• Journal of t)u /rvn and Steel InsHtuU, 1903, No. L p. 296. 
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character to that noticed with grey iron, as there was an 
absence of t.ho characteristic plumbago polish commonly 
produced by the graphitic carl »on. 

1 he analysis gave unexpected results, the composition being 
as follows:— 


Analysts of u Ham-hone" from Unit Aston. 


Per Cent. 

Graphitic carl«m . ... 

C'orabiiietl carbon ...... 0'3l 

Silicon ..otB 

Phosphoru*.0'31 

Sulphur.. 

Manganese.. 


It will be observed that the sulphur is extremely high, so 



Fig. 2.—Photograph of - Hunwbonc*' from near Uule Aston, with slac on 
the upper surface. Scale about J. 

high in fact that considerable difficulty was at first met with 
in connection with the estimation. On attempting to dissolve 
in aqua rryta. in the ordinary way, globules of sulphur were 
liberated and flouted to the top of the liquid. Ultimately 
it was found best to treat the turnings with bromine and 
hydrochloric acid, which dissolved the sample and gave 
accurate determinations. ° 

After the high sulphur the most characteristic point to be 
noted in the composition is the very low carbon and silicon 
The material is certainly not cast iron, and it is difficult to 
understand how so high a proportion of sulphur was obtained 
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There is no cause for wonder that the old workers threw their 
" hiun-bones ” away. 

A portion of the slag from the upper portion of a “ ham- 
hone” was analysed, under my direction, by Mr. It. Nevill, 
B.Sc. The results of the analysis are as follows:— 


Per Cent. 

Ferric oxide ....... 56'54 

Silica . 121*5 

Alumina. 7".*2 

Lime ........ 3'2u 

Magnesia ....... 0'45 

Manganous oxide . 0 24 

•Sulphur . 247 

Phosphorus pentoxidr . 0'5I 

Carbon . 1383 

Moisture . . . . . . . .184 

Alkalies . 074 

Not estimated and loss ..... 115 


loop 

Tho metallic iron present was equal to 38'88 per cent. 
On tho outside it was almost completely oxidised to FcjO,; 
tho interior portions contained more or less FeO. The 
presence of carbon, in the form of partly burned fuel, appears 
to indicate that the slag was not thoroughly fluid, or the 
carbon would have been all at or above the surface of the 
slag. In composition this slag is such os would be produced 
in a small hearth or hloomery, and not in a blast-furnace 
making cast iron. 

In order to throw some light on the method of manu¬ 
facture. a photomicrograph was prepared from a sample cut 
from the centre of a “ ham-bone ” (Fig. 3). In the photo¬ 
graph the white ground consists of ferrite, while the darker 
portions aro iron sulphide with patches of pearlite. It will be 
noted that the enclosures of iron sulphido are largely separate 
from oach other. A portion of the material was then remelted 
in a crucible and slowly cooled. The properties of the metal 
were thereby entirely altered, and the material was rendered 
sufficiently brittle to break readily with a light blow of a 
hammer when held in the palm of the hand. The fracture 
showed a beautiful dendritic structure, a photomicrograph 
of which is given in Fig. 4. From this it will be seen that 
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tho brittle iron sulphide, which solidified last, is now largely 
present os a continuous network, and this change of structure 
is doubtless connected with the increased brittleness. 

It may therefore be assumed that the original “ ham- 
bones " wero never really fluid, but that they were accumula¬ 
tions at the bottom of a furnace employed for the production 
or manufacture of wrought iron. Tho shajie of the “ ham- 
bone also clearly suggests that they were produced in the 



FlO. 3.—Photomicrograph of Iron u found, showing large quantity of 
Iron Sulphide collected in pools, and also some I'eurlne. 

Magnified 75 diameters. 

small hearth or l»ottom of a primitive furnace, as the pro¬ 
jecting piece corresponds with a tapping or flowing hole. 
Apparently as soon as the accumulation at the bottom of tho 
furnace reached the height of the tap hole, the process was 
suspended. The iron rich in sulphur was doubtless more 
fluid than the rest of the material; it was thus separated and 
collected in the bottom of the furnace. The motal which so 
collected appears to have boen much richer in sulphur than 
the main product, .md the regulus was thrown away each 
time the working of the furnace was stopped or interrupted. 
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It is difficult to determine the date at which these " ham- 
bones” were made. Thoir period is probably at least two 
centuries ago, and it may perhaps have been three centuries 
or oven more. Thero is. however, so far as I am aware, no 
evidence which would connect them with Koman workings 
other than the fact that they ocour in the neighbourhood of 
well-recognised Roman roads. The original forge at Little 
Aston must have been of much earlier date than 1600, as 



t r,G - 4. —Itun had been ihup.ughly melted and slowly cooled. Sulphide 
completely turrounds the Crystals o ( Iron. 

Etched with Picric Acid. Magnified 75 diameters. 

a lease, from which an extract is given below, states that 
the works were then in a vorv ' Ruynous and latelie decayed " 
state. The “ ham-bones " were, presumably, produced after 
the reconstruction of the forge by Thomas Parkos, as there 
does not appear to have been an iron fumaco at Little 
Aston, though there had been a forge, n chafery, and a 
hammer-mill. It is, of course, possible that the “ ham- 
bones • may have been residues from the working of the forge 
or chafery, or even of some special process of which no record 
lias survived. 

1912.—i. O 





210 


TURNER: NOTE ON SOME REMAINS OP 


In conclusion, I wish to take this opportunity of expressing 
my indebtedness to Mr J. Hill, of Perry Bar, for permitting 
Mr. Keep to make extracts from the original lease and for his 
ready assistance in connection with the historical part of the 
inquiry. 


Estraei from L«att, dattd Sejtiemfirr 2SI, 1600. 

Roger Fowke of lytic Aston in Coldfeilde County of Stafford 
gent and Lucye hys wief of thone portiu and Thomas Parkes of 
Wednesburye of the other partie In conson of £40 demises and leases 
for 21 years at aunual rent of 0/8. 

All that the forge C'huferie and Hamer Mill now beinge very 
Kuynoua and latelie decayed scituate and being w’thin the lordshipe 
of lytle Aston aforesaid County of Stafford in a close pasture or 
grounds then comonlie called or knoown by the name of A tiny ells or 
by whatsoever other name or names the same close pasture or ground 
ys called or knowon 

And all that and those poole and pooles, fleame or tleames ami 
trenche and trendies heretofore used os u poole or pooles fleame or 
tioames trench or trenches far the lendinge course Runoinge or 
Conveying® of any water or waters springe* streamer or water 
courses to or for the saied forge Chaferie and Hammer Mill or any of 
them together with all dames staneks and bancks of the same poole 
or pooles aud also the said parcel 1 of land together with all tliat 
parcell or piece of the said close or pasture adjoininge and lying in 
lengthe betwme the said forge Chaferie or Hamer Mill and the 
meadowe called the Hamer meadowe at the one ende and a waie 
leading from a plancked bridge heretofore used for waynes horses 
aud such lik to passe and go over parte of the said poole floame 
or trenche alonge after the cntle corner or a piece of the said 
meadowe called the hamer Meadowe at the other ende and in 
the breadetho betwene the poole flenrne or trenncho descendinge from 
saied bridge to the saied forge Chaferie and hammer mill e on the 
one side and the meadowe aforesaid on the other side 

And also another jiarte of the same parcell called Annyells from 
the waio aforesaid leading from the saied bridge to or right over 
against the next corner of the hedge or dytche hancko of the 
hammer meadow towards the saied bridge and'from the saied corner 
of the same hedge or dytche of saied meadow directlie and straight* 
as convenient-lie maie be over the olde water course now runing 
or descendinge into the said meadowe in and through the said close 
pasture to a lytle Waller or Waller bush whereof the topp« was latelie 
cutt of for a rnarke where now a stake for a marke is set and plnced 
and from thence to another woller or woller hush (top lately cut off 
and stake Arc.) in the hedge or an adjoininge to another meadowe 
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called heymore meadow now the 1 holding or occupation of dyvers of 
th'onhiibytjintf" of Lytle Aston aforesaid 

Power and authoritie is given by Roger Fowke ami his wief to 
Thomas Pukes to Repairs Reedyfie or make new the said Forge 
G'haferie and Hamer Mill and to erecte huilde make and sett 
upp on lamle one or two fynerie or fynerie* and one house or shopp 
commonlio called an Iron House or Iron Shoppe for the kepinge 
and layinge in of iron to be adjoininge to the said forge or Hamer 
Mill and a reasonable or necessary house of two I styes for the 
workmen or servants of the saied Thomas Parkes to dwell in which 
shall work at the saied forge fynerie chaferie or hamer mill or to 
make ponies dams atancks and to ini(iown)le heighen raise and quoire 
up the water and for that putqtose to have digg gett and take in 
sufficient and convenient, turves and clodds but so as not to quarye 
np in parcel or meadow towards nldridge above the rneere marks 
or bounds before mentioned. 

The names of Roger Fowke and Thomas Parkes, which 
occur in this lease, taken in connection with its date, may 
possibly throw light upon the origin of these curious remains 
of ancient iron manufacture. In the reign of Elizabeth, 
timlier for iron-making was becoming increasingly scarce, and 
Acts of Parliament were passed to restrict its use. Dud 
Dudley was horn in, or about, 1599; he was brought from 
Oxford in 1 G19 to take charge of his father's ironworks at 
Pensnett Chase, in Worcestershire. His first patent for the 
manufacture of iron with pit coal was applied for in March 
1G19. He states that he soon succeeded in making “ much 
good merchantable iron" ; and his brother-in-law, Richard 
Parkes of Sedgley, was employed to take the iron from the 
works to tho Tower for the royal use. When his first patent 
expired in 1637, Dud Dudley petitioned for its renewal, and 
was joints 1 in his petition by three others, one of whom was 
" Roger Foulkes, a Councillor at the Temple, and an Iron 
Master and Neighbour.” 1 As tho places at which “ ham- 
bones ” are found aro within an hour's ride on horseback from 
Dudley, may it not be that they arc remains of early attempts 
on the part of Dud Dudley and his friends or competitors to 
smelt iron by means of pit coal ? If so it would explain the 
cause of the early failures of these experiments. Owing to 

1 AdibeM delivered at the Unveiling ol the Rt>tored Memorial to Dud Dudley at 
Worcester, October 11, Ml, by J. Willii Bund. 
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the teniperalure of the furnace boing too low, the sulphur was 
absorbed and retained by the iron, whieh was in consequence 
worthless. All that was necessary in order to ensure success 
was to enlarge the furnaces, as Dud Dudley certainly did, and 
perhaps with the greater heat also employ some limestone as 
flux. Limestone was plentiful at Dudley, but it is not found 
near Little Aston, and its absence may have contributed to 
failure. 
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CORRESPONDENCE. 

Mr. • hru Yount, (Dusseldorf) wrote that Professor Turner might he 
interested to know that he was able to give some indication of the 
kind of furnace in which the “ham-bones" lmd been formed. The 
accom[)Hnying illustration represented an old melting-pot (a |mt for 
the direct production of wrought iron) found at Monchmotseheiwitz 
in Hilesin, a description of which was published by the late Dr. 




Wedding.' It, was interesting) to compare the longitudinal section 
shown in Fig. C with the illustration of the “ ham-bone" in Fig. 2 
of the paper. Mr. Vogel wished also to draw the uuthor's atten¬ 
tion to u paper by Otto QUhausen, 3 in which illustrations of other old 
melting-pots were given. Thirty-two such pots weie found near 
Tnrxdorf in Silesia, on August 5, 1908, within an area of C>8 square 
metres. Altogether a total area of B3.000 square metres was covered 
with similar pots, so that, assuming they were as thickly distributed 
as in the fully excavated area, there must haw been 30,000 to 50,000 
such furnaces. In any case, the remains of an ancient iron industry 

1 StaU uud fitiem. llccrmbrr 1, KSUfi. p. HU. 

* Elsenccwinnune in vorrewhicliiliuhcr Zat,” /.eituknft fur Htkujl.>git, vol. lit, 

t'JW. pp/oo-w. 
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were so numerous at Tarxdorf that the courtyards of houses were 
paved with lumps of sl.ig. That agreed with Professor Turner’s state¬ 
ment whore he said, “ The occurrence of these lumps of iron is so 
frequent as to l>e a source of trouble to the ploughmen.” The method 
of working was probably similar to that described by .1. Morrow 
Campbell. 1 

Professor Turxkk desired to thank Mr. Otto Vogel for his interest¬ 
ing contribution. Though there was a considerable similarity in the 
two processes they did not uppcar to be identical, as the ** ham-bones ” 
found in Staffordshire were evidently made in n furnace in which the 
slagging hole was at. the side and not at the bottom. It would be 
interesting to know the proportion of sulphur in the iron made in the 
uielting-pots described by Mr. Vogel. Arguing from analogy, the 
sulphur would probably be low, while in the Staffordshire “ hain-boue* ” 
the sulphur wan extraordinarily high. That appeared to point to some 
special process or experimental period. 

1 Irm and Coal Trada Ktvinv, April 22, 11M0. i>. fiOe. 
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THE CHEMICAL AND MECHANICAL RELATIONS 
OF IRON, VANADIUM, AND CARBON. 

By J. O. ARNOLD, D.Mkt., and A. A. READ, M.Mkt. 

(PaorE&soa.*. or Mktali.uhgt in hie Univeksjties or Sm.HMt.Li> 

AND Wales RESPECTIVELY.) 

INTRODUCTORY. 

The influence of vanadium on iron and steol was discovered 
by one of the authors in the steelworks of Sheffield University 
during u series of researches carried out from 1891) to 1902. 
The experiments wore made on ingots melted by the Hunts¬ 
man crucible process, and in the acid open-hearth furnace. 
The results were not published in any journal, but were copy¬ 
righted at, Stationers' Hall. The influence of vanadium, per *, 
was not very marked on structural steel, but in the presence 
of chromium, nickel, and tungsten, the results were almost 
magical. On tool steel, pr xe, and with other elements, the 
results were startling. It was pointed out that as the carbide 
residue on dissolving the steol in dilute sulphuric acid con¬ 
tained nearly all tho vanadium, this element probably existed 
in tho form of a carbide, or double carbide; but so far no 
systematic research has been carried out to determine the 
exact condition in which vanadium may be present in steel. 
The present communication is a continuation of the work 
published by the authors in their papors on “ The Chemical 
Relations of Carbon and Iron." 1 “ Tho Chemical and Mechanical 
Relations of Iron, Manganese, and Carbon,"* and ‘The Chemical 
und Mechanical Relations of Iron, Chromium, and Carlton,” * 
and contains an account of a number of experiments made to 
determine:— 


* Transaction j of tko Cktnticol Socuty, 1S94, p. iSS- 

* Journal of Ike Iron and Slot/ Institute, 1910, No. I. p. 109. 
» Hid.. 1911. No. L p. 349. 
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1. The composition of the carbides separated from a series 

of well-annealed steels containing various percentages 
of vanadium, the percentage of carbon increasing with 
the percentage of vanadium. 

2. The mechanical properties of the alloys under static and 

alternating stress tests. 

3. The microscopical features of the alloys. 

Moissan. 1 by heating together vanadic anhydride ami sugar 
carbon in different proportions and at various temperatures in 
the electric furnace, prepared several samples of vanadium 
containing from 4 4 to 18 - 42 per cent, of carbon, 

Moissan also found that, if the heating be prolonged, a 
crystalline and well-detinod carbide, having the formula VC. is 
always obtained, which scratches quartz with ease, and is not 
attacked by hydrochloric or sulphuric acids. 

Nicolardot* * obtained the following double carbides of iron 
and vanadium; from steels with 0‘4 per cent, carbon and 
1-5 per coni, vanadium, FejC.aSfVgC,); from steels con¬ 
taining 0*8 por cent carbon and 10 per cent, vanadium, 
Fe s c,60 (V 4 C,); and from ferro-vanadium with 9 per cent, 
carbon and 32 per cent, vanadium. Fo a C,74(V 4 C J ). Ho 
also states that the carbide ot vanadium becomes richer 
in carbon as the vanadium content of the alloy and the 
temperature of preparation is raised, and points out that this 
increasing amount of carbon found with the vanadium, as 
the temperature rises, confirms the results previously obtained 
by Moissan. 

Guillet* has examined microscopically two series of vanadium 
steels as forged, and has also determined their mechanical 
properties. 

The constitution, the effect of annealing, and the mechanical 
properties of the two series of vanadium steels, are described 
by him as follows:— 


i The EUitrie Furnace, I»M. p. ISO tt uif. 
i Lt I'amatUum. 1900. p. 147. 

* Journal ef I he Inm and Steel intitule, 1806, No. II. p. 13, ^ ludt InduitrvlU 
it, Alhagti Mttalliquel, p. Mi 
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Ccmetitution. 


Groups. 

Microitrociu/u. 

Carbon 0*20 per Cent. 

Carbon O’SO per Cent 

1 

Peaiiilc 

Vanadium <0*7 

Vanadium cO'fi 

2 

Peariite and Carbide 

0*7 < Vanadium <3 

0 5-c Vanadium -c 7 

3 

Carbide 

Vanadium >3 

Vanadium >7 


Annealing as u general rule softens vanadium steels. In 
the pearlitic steels which contain much carbide, the carbon is 
precipitated os graphite, but steels with the carbide show only 
a slight modification. 

Mechanical Properties. —Pearlitic steels have n tensile 
strength and an elastiu limit which rise rapidly with the 
percentage of vanadium; the elongation and reduction of 
area slowly decrease, while still preserving relatively high 
values; the brittleness does not increase; the hardness in¬ 
creases rapidly. 

Pearlitic and carbide steels have a tensile strength and an 
elastic limit which aro lower in proportion as the [xrcentage 
of vanudium. and consequently the amount of the carbide, 
increases; the elongation and reduction of area increase, but 
the resistance to shock diminishes rapidly. 

Steels containing the carbide have high elongations and 
reductions of areas, but they are very brittle. 

Puul Putz* prepared a number of steels, with vanadium, 
increasing to 1‘64 per cent., and carbon increasing to 2 per 
cent. The results of numerous tensile tests, and the examina¬ 
tion of the sections of the steels of this series are described. 
The chemical formula for the vanadium carbide present in 
vanadium steels is stated to be V„C Jt or V^C,,. 

Kent Smith * describes his investigations on the properties 
of vanadium steels, and gives a summary of the eflect of 
different quantities of vanadium on the static qualities of steel. 

Giesen 3 states that it Is very difficult to judge correctly 

' Metallurgy. 1806, p. 861. 

5 Journal of Hu Society of Cheacuol ImUuitry, 190B, p. 191. 

* Journal of Mr Iron and Steel /intitule. Carnegie Sdulartktf Mtmeirt, vol. i. 

law. p. 33. 
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sections of vauadiutn steels under the microscope, since even 
a low vanadium content is completely dissolved by ferrite, the 
solution becoming saturated when the vanadium reaches 0 - 6 
per cent. Above this quantity the vanadium unites with the 
pearlitic carbon to form a vanadium carbide, which comes into 
prominence as the vanadium in the steel increases. 

Portevin, 1 working on steels containing 0 - 2 per cent, carbon, 
and from 0*6 to 0*7 per cent, vanadium, and also 0‘8 per cent, 
carbon, and from 0’25 to 10 per cent, vanadium, arranges the 
vanadium steels in three groups:— 

lsf Oruup. Pearlitic steels. 

2nd „ Pearlitic and double carbide steels. 

3 rd „ Double carbide steels. 

Hatfield* from his experiments on the influence of vanadium 
upon the physical properties of cast irons, comes to the follow¬ 
ing conclusions, amongst others—that silicon is partially 
prevented from crystallising with the carbide by vanadium, 
and that by the presence of much of the vanadium in the 
carbide, the carbide is rendered more stable. 


Method of Manufacture of the Authors’ Steels. 

The alloys were made by the coke crucible process in 
Sheffield white clay pots from Swedish bar iron, American 
washed iron, and 38 per cent, ferro-varuulium; 0‘05 per cent, 
of metallic aluminium was added to each a few minutes be¬ 
fore teeming. The ingots, 2f inches square, and each weigh¬ 
ing 40 lbs., were cogged and hammered into bars 1$ inch 
round. The bars were heated to about 950° C. for six hours, 
and were allowed to cool during an additional twelve hours. 


Chemical Compositions of Authors' Series. 

The analyses of the steels were made on the last turnings 
from the carbide burs. The results are given in Table I. 

1 Journal of tk* Iron and Steel Institute, Carnegie SckolariUf Memoirs rol. i. 

p.m 

* Journal of the Inn and Steel Institute, J»U, No. I. p. 3]g. 
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Table L 



Determination or tue Carbides. 

The method and treatment used for separating the carbides 
was the same as described in the authors last paper already 
referred to,' but with this modification, that tho residues were 
dried at 100° C. in a current of hydrogen, the tube being 
pumped out from time to time. The steels dissolved quite 
readily, and with each member of the series vanadium was 
found in the hydrochloric acid solutions; but in most eases it 
was quite unnecessary to test for vanadium, as the electrolyte 
was distinctly blue to dark blue in colour. 

The carbides obtained from Nos. 1315 and 1316, contain¬ 
ing 0-71 and 2-32 per cent, of vanadium, were dark grey ; 
and from Nos. 1309, 1310, and 1312, containing 5‘84, 10 - 30, 
and 13‘45 per cent, of vanadium, slate grey in colour. 

The analyses of the carbides were carried out as follows: 
The porcelain boat containing the dried carbide was weighed. 
About one-half of the carbide was carefully removed and put 
on one sido for the determination of iron and vanadium. The 
boat was again weighed, the carbide well mixed with pure 
manganese dioxide, anil the carbon estimated by direct com¬ 
bustion. The remaining portion of the carbide was intimately 
mixed with sodium carbonate and a small quantity of sodium 
peroxide in a platinum basin, and heated in a muffle furnace. 
Whon cold the mass was repeatedly boiled with water and 

l Journal of tie Iron and Steel Inititute, tUU. No. I. p. 
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filtered. The vanadium in the filtrate was estimated by 
reducing with sulphurous acid and titrating with u standard 
solution of potassium permanganate. Ihe residue on the filter 
paper was dissolved in hydrochloric acid and made up to a 
imown volume. The iron was then estimated by the usual 
volumetric process, using a standard solution of potassium 
dichromate for the titration. The very small quantity of 
vanadium found in the iron solution was determined by the 
hydrogen peroxide colour test. The results arc given in 
Table II. 

A consideration of the results in the foregoing table indi¬ 
cates that in most cases practically the total amount of carbon 
in the steel is obtained os carbide. The slightly lower results 



are not due to any appreciable decomposition of the carbide 
during the electrolytic run. but are accounted for by a slight 
roughness of the bars which prevented the last traces of car- 
bido being obtained. 

The results given in Table II. also show that vanadium 
replaces iron in the carbide, even when the steel contains only 
such a small quantity as 0'71 per cent, of vanadium, with the 
formation of a mechanical mixture of the carbides of iron and 
vanadium corresponding to the formula llFojC-f-V 4 C’ r 

As the vanadium in the steel increases, more vanadium is 
found in the carbide, and with the next inernl>er of the series, 
containing 2 32 per cent, of vanadium, the carbide is repre¬ 
sented by the formula 2Fe„C +V 4 Cj. 

Coming to tho remaining throe steels of the series, with 
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5'84, 10*30, and 13 45 per cent, of vanadium, in each case 
{practically the whole of the iron has been replaced by vana¬ 
dium, and most probably a delinite carbide of vanadium is 
obtained, corresponding to the formula V 4 < ’ y l 



Fin. 2. 

These results ore shown more clearly in Figs. 1 and 2. It 
will also be noticed (Table II.) that it is possiblo to reduce 
still further this small quantity of iron found with the vana¬ 
dium by digesting the carbide residues with hot dilute 
sulphuric acid. 

Turning Characteristics of the Alloys. 

The report of Mr. J. Harrison. Laboratory Engineer in the 
Metallurgical Department of Sheffield University, on the be¬ 
haviour of the bars in the lathe is embodied in the following 
table, the word tough having reference to the capability of the 
material to curl off in spirals during the turning operations :— 


Steel No. 

Carbon 

Vanadium 

Turning Report. 

A. 

per CenL 

per Cent. 

1315 

°*2 

071 

Tough 

1316 

0 63 

2 32 

1309 

1310 

01W 

107 

5-S4 

1030 

Tough and slightly hard 

1312 

no 

13 45 

Tough ami hard 


l It is theoretically possible that this may he a mixture of vanadium carbides. 
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Mechanical Properties. 

The static results are embodied iu the following table, the 
test-pieces being 2 inches parallel and 0’564 inch diameter :— 


Tahir of TenAU Tent*. 


Steel No. 

A- 

Yield Point. 
Tims 

pcrSq. Inch. 

Max. Stress. 
Tons 

|«r Sq. Inch. 

KJungiiti on 
per Ceai- 

ketiuctiofi of 
Area 
jht Cent. 

131ft 

120 

35 0 

220 

414 

1316 

14-0 

i'&ll 

24*5 

52*0 

KKK> 

17 0 

33 4 

2f>i> 

53*2 

1310 

15-0 

33 7 

230 

31*5 

1312 

180 

371) 

10 0 

9*7 


Since 1300 contains 01*3 per cent. of carbon, it* test tesnlt is remarkable. 


Alternating Stress Tests. 

The dynamic tests obtained under standard conditions on 
the Arnold machine are tubulated as follows:— 


Tahir of Alternatin'/ Tests. 


Stirl No. 

A. 

Alternations Endured. 

1st Test. 

2nd Test. 

Mean. 

1315 

126 

112 

119 

1311*. 

162 

220 

191 

1300 

144 

126 

135 

1310 

94 

144 

119 

1312 

8 

22 

10 


The poor dynamic properties of the series exemplify the 
evil influence of drastic annealing on vanadium steels. 

Micrograpuic Analysis. 

The microscopical examination of the steels leads the 
authors to announce provisionally the discovery of two new 
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constituents—1. Vanadium j>earlite; 2. Vanadium cementite, 
V < C r 

1 . Vanadium I'tarliU. 

This constituent socms incapable of segregating into the 
laminated variety, and presents itself only in the troostitic and 
sorbitic forms. Its saturation point Beoms considerably higher 
than that of iron pearlitc, but this point requires further 
research. 

2. Vanadium Cementite. 

This constituent (a decomposition product of vanadium 
pearlite) is not nearly so mobile as Fe s C, and consequently 
segregates into relatively minuto irregular masses very much 
smaller than massive iron cementite. 

The micrographic analysis has proved—almost beyond 
doubt—-that there is no double carbide of iron and vanadium, 
since when Fe s C and V t C s are together in a well-annealed 
steel the former has segregated as usual, whilst the latter 
has remained distributed in its ]>earlite in the troostitic or 
sorbitic form. 

Micrograph No. 1.—In this structure was found («) a pale 
ground-mass of slightly vanadifenms ferrite; (h) a fow areas of 
laminated iron pearlite; (c) the Fe„C of decomposed laminated 
iron pearlite in the form of cell walls and irregular masses; 
(rf) dark etching troostitic vanadium pearlitc; (e) loss-dark 
etching areas of sorbitic vanadium pearlite. This section con¬ 
tains O'G per cent, carbon and 0 71 |>er cent, vanadium 
(Plate XXII.). 

Micrograph No. 2.—This steel presents a very confused 
structure in which vanadiferous ferrite and vanadium pearlite 
in both the troostitic and sorbitic forms have segregated very 
imperfectly in spite of the twelve hours cooling. The only 
well-defined constituent is the iron cementite which has readily 
segregated in meshes and masses, but is distinctly less in 
quantity than that in Micrograph No. 1. The steel repre¬ 
sented contains 0’63 per cent, carbon and 2-32 per cent, 
vanadium (Plate XXIII.). 

Micrograph No. 3.—This section consists largely of sorbitic 
vanadium pearlite. overlaid, however, by irregular meshes 


Plate XXII 



Micrograph No. 1. 

Carbon. 0 G0 per Cent; Vanaiiiuro, 071 per Cent. 
Magnified 400 dtiuneu-fs. 







Plate XXIII 



MlCKOnnAPH No. 2. 

Car Urn. 0S3 per Cent. ; Vanadium. 2S2 per Cent. 
Magnified 4.V) diameter*. 











Plate XXIV 



MlCKOGIAPH No. 3. 

Carbon. 0U3 per I 'em.; Vanadium, 51*4 per Cent. 
Magnified 450 diameters. 















Plate XXV 



VfirxoGKArii No. 4. 

Carbon, 1 -JO pet Cent.; Vanadium, 13'45 per Cent. 
Magnified 450 diameters. 
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apparently of vanadiferous ferrite. In other words, the steel 
is not saturated. It oontains 0‘93 j>er cent carbon, and 5*84 
per cent, vanadium (Plate XXIV.). 

Micrograph No. 4. — This contains MO per cent, carbon, and 
1 .->'45 per cent, vanadium. It is almost identical in structure 
with steel No. 1310, which contains l*07 per cent, carbon and 
10-30 per cent, vanadium. The ground-mass is vanadiferous 
ferrite, over which are scattered small segregated irregular 
uiasses of vanadium cementite, V t C 8 . Eacli particle is 
environed by a somewhat dark border of probably sorbitic 
vanadium pearlite, and small patches and streaks of this con¬ 
stituent arc also scattered over the field. The mobility or 
segregative capacity of V 4 C S obviously increases with the per¬ 
centage of vanadium present in the ferrite (Plate XX V y 


Recalescexce Observations. 

Steel No. 1316. — Carbon. 0'63 per cent. ; Vanadium, 

2-32 per cent. 

Cooled from 1020° C., this steel did not present the point 
Ar3. Ar2 appeared at 791° C. and Arl at 720° C. This 
latter point was very small for a 0 63 per cent, carbon steel. 

Steel No. 1310. — Carbon, 1 *07 per cent. ; Vanadium, 

10'3 per cent. 

Cooled from 1210° C., this steel failed to present the point 
Ar3. Ar2 presented the top peak at 830° C. and the lower 
peak at 816° C. Arl was quite absent. On heating, the 
maximum absorption at Ac2 was at 826° C. Acl was absent. 


Quenching Experiments. 

Samples of steel No. 1310. carbon 107 per cent., vana¬ 
dium 10-3 per cent., were rapidly quenched from tho following 
temperatures: 850° C., 1000* C., and 1050° C. All after 
quenching were quite soft to the die. The authors provision¬ 
ally draw the following conclusions :— 

1912.—i. P 
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(a) That the point Arl, marking the formation of vanadium 
pearlite from vanadium hardcnitc, must be between 
1200° C. and 1400° C. (the latter being about the 
solidification point of the steel). When quenched in 
water from about 1300° C., steel No. 1310 was quite 
hard, stripping a now file. 

( i) That although the steel lie quenched in the beta range 
of temperature, it is still quite soft. 

(e) That tho above conclusions, when fully confirmed, will 
form direct proof of the correctness of the views so 
long held by Professor Le Chatelier, Sir Robert 
Hadtield, Dr. Me William, and the authors, that the 
hardening of steel is brought about by carbon in somo 
form irrespective of the range of temperature. 

Further experiments have rosulted in the discovery of 
vanadium hardenite, which is formed near 1400° C. It 
resembles iron hardenite but seems as hard as topaz. 

The authors have to thank Mr. F. C. Thompson, B.Met., 
Demonstrator of Metallurgy in Sheffield University, for his 
services in carrying out the foregoing experiments. 

In conclusion, the authors have to tender their thanks to 
Mr- F. K. Knowles, B.Met, Senior Lecturer in Metallurgy at 
the University of Sheffield, for much valuable help in making 
the steels and mechanical tests; also to Mr. Duncan Maxfield, 
Associate in Metallurgy of Sheffield University, for the patience 
and accuracy of his work connected with the chemical branch 
of the research. Finally, the authors have to thank Mr. 
E. Colvcr-Glaucrt, Research Assistant in the University of 
Sheffield, for his exquisite micrometric reproductions of the 
four typical micrographs illustrating this paper. 1 

The authors hope at no distant date to report to the 
Institute on the chemical and mechanical relations of iron 
carbon and nickel. In view of a suggestion made at the last 

• The term " sorbitic," as used in this paper, has reference to pearlite. in which the 
carbide, although in a fine state of division, is nevertheless within tile range of micro¬ 
scopic vision. 

The term ' • trocatitic ” has reference to pearlite, in which the carbide is in a state of 
division so fmc as to be beyond the range of microscopic vision. 


IRON, VANADIUM, AND CARBON. 


227 


Muy meeting of the Institute by their friend Dr. Stead, the 
authors wish to state that the absorption and recalcsconce 
curvos of the steels dealt with in all their carbide researches 
will be included in a special paper as soon os possible after 
the unique recalescence laboratory now being fitted up for the 
Sheffield University by the Cambridge Scientific Instrument 
Company is available for work. 


DISCUSSION. 

Mr. E. H. Samter, Hessemer Medallist, said he had read Professors 
Arnold and Read's pajter with great interest, and it seemed to him 
that an exceeding interesting point had been brought out. 

In the same connection it was interesting to recall the authors’ 
paper on chromium carbides, and also Mr. Moore’s* on the A* point 
in chromium steels. The authors’ previous paper went to prove that 
the chromium carbides existed as doublo carbides, and now the present 
paper pointed out that vanadium carbide was only a mixture with 
iron carbide. 

On the last page of the paper the authors remarked that the 
recalescence point at 720° seemed only a small one for a 0 63 per 
cent, carbon steel. That seemed only natural, however, as only the 
carbide of iron would react, the vanadium carbide being inert at the 
temperatures used, and to obtain the benefit of the vanadium in such 
a steel it would be necessary to heat up to the solution point of the 
vanadium carbide. 

In that connection it would be interesting to know if, in a chromium 
vanadium steel, the vanadium carbide formed a double carbide or not. 
aono , ln , lli8 proved that the Ar w point moved up to 

S-U U, while the A s point remained stationary at 760° C. It seemed 
to him that, the authors had discovered a similar phenomenon in con¬ 
nection with vanadium carbide at about 1300°. The paper was a very 
interesting one, and might lead to very important developments. 

Dr. P. Rogers (Sheffield) said there were some very important 
matters mentioned in the Appendix to the paper, but until all the 
data on which the authors founded some of those conclusions were 
available, it would be very difficult to discuss them. In the first 
place, he would like to know what meaning the authors attached to 
Ac, in that instance, because he (Dr. Rogers) also remem¬ 
bered Mr. Moore’s paper, which showed that the relative fiositions 
of the recalescence points were altered in certain chromium steels. 
It was usual to call the magnetic change point Ar, and Ac r Was 
that the case with the authors’ experiments < Again’ what was really 

* 'j Th,e *2 P ° im “ Chromianl SlacU," Journal /A, /r»„ amt Stttl ImttluU, 1910. 
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the /3-range in that case 1 Professor Arnold used the twm /3-range, 
and be was the only observer who did, and it was necessary to know 
what he meant in that instance. It seemed to him (Dr. Rogers) that 
the authors really opened up again the allotropic verxu s carbon contro¬ 
versy. The real point in that controversy was that the allotropists’ 
explanation of the hardening of carbon steels was not only that iron 
carbide was retained in the form of solution, but also that /3-iron was 
hard. That hard /3-iron theory was really only an encumbrance, 
and he did not think anybody had attached much importance to it for 
some years as an explanation of the liardening of carbon steels. It 
was necessary first to perfect the theory of carbon steel before a reli¬ 
able theory of alloy steels could be elaborated. In passing from carbon 
steels to alloy steels, it appeared to him that the very strongest support 
of the allotropic theory was found in the study of the gradual ami 
continuous modification of the properties of the steels as the amount 
of alloy was progressively increased. That was shown very clearly 
in some of the authors' curves, which indicated the gradual elimination 
of iron carbide. The mere fact brought out by the authors that then* 
was hardening by retaining vanadium carbide in the form of solution 
was simply an intrinsic property of vanadium, and did not upset the 
allotropic theory at all. On account of that fact new critical points 
occurred in the vanadium steels, and those must have new names. It 
was rather confusing to give them the names Ar. and Ac,, and so on ; 
they should have names of their own which would suggest that another 
phenomenon was occurring at those critical points, and then it could be 
ascertained which, if any, might properly be designated the /3-range. 
He expected that the so-culled /3-range in the puper would have to be 
revised. 


Dr. Waltkb Rosen n aix (Teddington), regarded Professor Arnold’s 
papers with great interest, but, as might be expected, that interest 
was accompanied by a good ileal of disagreement. He thought that 
those studies of the ternary alloys were of the highest importance, and 
ho hoped that what he had to say in criticism would not be regarded 
as depreciating in any way the value of that work; he wished to 
express his admiration for certain parts of the work, although he dis¬ 
agreed strongly with other parts. First, as regards cementite and 
hardenite, he would ask, Wliat was hardenite! That was a term he 
did not know, in the sense that he had never seen any satisfactory 
definition of it. W hen Professor Arnold came forward with an 
equilibrium diagram of the iron-carbon system, and a definition of 
hardenite consistent with such a diagram and with the known 
laws of heterogeneous equilibria, metallurgists might be expected 
to take Professor Arnold’s terms seriously. Dr. Rosenhain himself 
could not accept a term until it was defined in that way, although, 
on the other band, he did not wish to suggest that Professor Arnold 
should be coerced into using termB of which ho disapproved; but 
he could not see why, if Professor Arnold agreed with the idea that 
steel above the recalescence points was in tho state of a solid solu- 
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tion, he should apply a term to it different from that which was 
almost universally accepted. Now Professor Arnold went further, 
and introduced the term “ vanadium hunlenite," making confusion 
worse confounded. He thought that a strong protest was needed 
against the introduction of such terms as “ vanadium hardenitc " and 
‘‘vanadium cementite" without a perfectly sound nnd satisfactory 
definition. He quite realised that these two constituents re¬ 
quired a name, but surely cementite anil pearlite were terms so 
well known and well defined that he did not think that it tended 
towards clearness if a new constituent of a totally different con¬ 
stitution (VjCj) were given a corresponding name. He thought that 
“ vanadium carbide ” would meet the case perfectly well, or some 
other purely descriptive name. When it came to “ vanadium 
pearlite," he thought matters were rather worse, because that name 
suggested that the new constituent was in diameter and mode of 
origin similar to pearlite; yet on Professor Arnold’s own description 
the similarity was to sorbite rather than pearlite. Before the term 
" vanadium pearlite ” could be accepted, it would have to be shown that 
the constituent was the result of the decomposition of a solid solution 
on analogous lines to that by which pearlite was formed. He would 
like to ask Professor Arnold whether, so far as his results had gone, 
he had nny evidence to show that in the case of his ** vanadium 
pearlite,” there were any reactions equivalent to those which occurred 
when iron carbide was deposited from solution at the recalescence 
point ? \\ hen the freezing point of vanadium steel and the tempera¬ 

ture at which Professor Arnold suggested that ‘‘vanadium pearlite’’ 
was fanned were knowu, and the reactions accompanying that forma¬ 
tion had beon studied, the resulting substance might l*e shown to be 
analogous to pearlite; but ap|»urently at the present stage Professor 
Arnold was not in a position to say, so far as his published data wore 
concerned, whether that vanadium constituent was really separated 
from a solid solution at all, or whether it was deposited direct from 
fusion. 

He wan much interested in one statement, namely, that the con¬ 
clusions, “ when fully confirmed, will form direct proof of the correct¬ 
ness of the views, so long held by Mr. Le Cbatelier, 8ir Robert 
ltadfield, l>r. McWilliom, and the authors, that the hardening 
of steel is brought about by carbon in some form irrespective of 
the range of temperature." It came as a pleasant surprise to 
him to find that there was a theory upon which Professor Arnold 
and .Mr. Le Cbatelier had agreed far any considerable time past. 
He felt it a little difficult to believe in such a theory, although 
it was sufficiently vague to be subscribed to by most metallurgists, 
since no man who had studied the metallography of steel would dis¬ 
pute the fact that carbon had something to do with hardening. 
Whether fi -iron played a part in hardening or not was open to 
discussion, and if Professor Arnold’s experiments proved that it did 
not, he would he very well pleased to have the matter settled. There 
were, however, difficulties in the way of accepting evidence obtained 
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from & steel containing 10 per cent, of vanadium as bearing upon the 
functions of /J-iron in carbon steels. Thus he would like to associate 
himself with Dr. Rogers, and ask Professor Arnold wlint justification 
he had for calling those recalescence points in vanadium steel Ar. 1 
It was, of course, quite true that they occurred somewhere near the 
temperature characteristic of Ar, in carbon steels ; but, on the other 
hatnl, there was so much carlion present in those alloy steels that they 
would lie outside the range in which Ar., is found as an independent 
point in carbon steels at all. Secondly, he (Dr. Rosenhain) did not 
think that the argument derived from the behaviour of vanadium 
steels quenched above or below that recalescence point bore directly 
on the question of the part played by /i-iron in the hardening of 
carbon steels. 

He hoped that the vigour with which he had controverted Pro¬ 
fessor Arnold’s views would be regarded as evidence of the interest 
that he had taken in the paper, and that Professor Arnold would 
appreciate it in that sense. 

Dr. J. E. Stkad, F.R.S., Vice-President, congratulated the authors 
upon the immense amount of very useful work they lmd done. The 
time and pains required in separating, analysing,* and determining 
the mechanical properties of the alloys must have been enormous. 
The question as to whether the carbides which separated on annealing 
simply passed, as such, into solid solution, was one which should have 
further consideration. Apparently the authors had not attempts! to 
separate the carbides from the hardened steels, lie would like to 
know if the authors had determined the mechanical and eh*ctrical 
properties of those alloys, as that information was necessary before a 
decision could bo arrived at as to the significance of the critical points. 
It was possible that, in alloys of that kind they might represent some¬ 
thing entirely different from the corresponding arrests which occurred 
in pure carbon steels. He thought, perhaps, it was somewhat inadvis¬ 
able to call the hard substance produced by quenching alloy steels by 
the term hordenite, even if qualified by a prefix, such as vanadium, See. 
Hardenite had been defined specifically as approximating to the com¬ 
position FcjjC, and it seemed to him inadvisable to apply the term to 
a substance of entirely different composition. 

Mr. C. A. Edwards (Middlesbrough) said there had been so much 
destructive criticism, that he would deal only with what ho regarded 
as the points of real importance brought out in that juaper. The dis¬ 
covery that the udditiou of vanadium to inm-carlwn alloys raised the 
temperature at which the Ar, critical (>ointa occurred was very 
interest ing, and so far as he (Mr. Edwards) was aware, it was the first 
known case of its kind. There seemed to be no possible reason for 
doubting that the authors were com-ct in their interpretation of what 
they described as the Ar, point, since the double carbide of iron and 
vanadium did not go into solution unites the metal were heated to 
about 1200° C., and therefore could not have any influence upon the 
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temperature at which the Ar, point took place. In view of the fact 
thut vaimilium was now widely used In “ high speed steels," he (Mr. 
Edwards) would like to usk the authors what they considered to be 
the theoretical effect of that element upon the thermal changes of 
such steels? 

Professor T. Tubseb (Birmingham) referred to the fact that the 
authors apparently regarded iron carbide as existing at high tempera¬ 
tures. That was a view he luul always taken, and was still inclined 
to take; but there was one important experiment made some years 
ago by one of Professor Arnold’s old students who was working at the 
time in his (Professor Turner’s) laboratory, 1 in which he took a speci¬ 
men of luird steel and placed soft steel ou either side. He then placed 
it in a tube, and exhausted the tube. He then heated the specimens, 
ami found that the carbon migrated from the hard steel to the soft 
steel outside, as was to be anticipated; but he weighed the samples and 
found that the amount of carbon gained by the pieces outside was 
exactly the same as the weight lost by the piece inside, so thut there 
was an actual gain of carbon and not of iron and carbon. If the iron 
carbide were in entropy at that temperature it ought to have passed 
out of the high-carbon steel into the low-earbou steel, with a difference 
in weight to that due to the carbon alone. He had intended to give 
notice of that question, and if Professor Arnold was not prepared to 
answer it now, perhaps he would answer it later on. It seemed, at all 
events, ut first sight, to prove that carbon existed in the free form 
at that high tem|ieruture, and yet that was not what, he (Professor 
Turner) was inclined to believe. 

Mr. W. H. Hatfield (Sheffield) said that, after all, new facts were 
what the Institute really desired with regard to the chemical rela¬ 
tions of iron, vanadium, and carbon. Like other papers in the same 
series which Professors Arnold and Head had published, the new 
paper contained much new data, which was likely to prove of value. 
He would like to ask the authors one question, and that was os to the 
oxistence of a double carbide of iron and vanadium. Last year he 
(Mr. Hatfield) rend a paper on the influence of vanadium upon the 
stability of iron carbide, and Professor Arnold, in the present paper, 
now stated that “the micrographic analysis has proved—almost 
beyond doubt—that there is no double carbide of iron and vana¬ 
dium. . . .’’ If Professor Arnold would refer to his (the speaker’s) 
micrographs, published last year, he would find that the carbide itself, 
with increase in vanadium content, became more stable with increased 
temperatures, and was not as liable to dissociate. That rather pointed 
to a double carbide existing in the particular specimen, and the parti¬ 
cular conditions under which he examined them. 

1 G. P. Royitoo, Journal 0 /lit frvm and Stal Initituit, 1SU7, No. I. p. 172. 
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CORRESPONDENCE. 

Dr. F. Rogers (Sheffield) wrote that upon studying the authors’ 
data from the point of view of solution theory two or three very im¬ 
portant conclusions seemed to be indicated to which attention had not 
beon directed in the paper. It was au almost inevitable consequence 
of adopting the solution theory standpoint, that he also adopted the 
ollotropic view of the constitution of steel, but he would emphasize 
the reservation which he had made in the discussion, namely, that 
he considered as supertluous the conception of the hardening of carbon 
steels as being partly dependent upon any hardness of /3-iron. He 
would endeavour in the following remarks to avoid controversial 
nomenclature so far os was consistent with lucidity. The principal 
conclusions he would draw were:—(1) Vanadium and iron formed n 
series of solid solutions with one another which was probably un¬ 
limited. (2) Vanadium carbide (V.C,) was probably soluble in molten 
iron, and quite, or nearly, insoluble in solid iron. There was no 
evidence to show whether some degree of difference was caused if the 
iron earned some vanadium in solution. (3) Carbon had a stronger 
affinity for vanadium than for iron, since, with increasing vanadium, 
vanadium carbide tended to preponderate and iron carbide to dis¬ 
appear, and with 0'93 jier cent, carbon aud 5’84 per cent, vanadium 
(steel No. 1309) there was no iron carbide at all. Since those numbers 
were almost proportional to the quantities demanded by the formula 
^ 4 ^,, it appeared probable, and it would lie a fundamental point 
requiring confirmation, that in a steel with lower contents of carbon ond 
vanadium, but bearing the same ratio, about 1:6, the carbon would 
all be combined with vanadium an.l none of it combined with iron. 
Although those conclusions were partly based upon the critical point 
observations recorded by the authors, it was necessary to have stated 
those conclusions first in order to make the following remarks about 
the critical points more clear. (4) The exact effect of vanadium in 
r-olid solution in iron upon the critical points would l>e difficult to 
determine. If A, was affected at all, it was raised slightly by the 
presence of vanadium. A. was probably raised slightly,'and A. 
lowered slightly. (5) The effects on the points A„ A„ A., due to 
the presence of vanadium carbide, were exactly and only the indirect 
action of gradual deprival of iron carbide of ita'cnrbon in favour of the 
formation of vanadium carbide; that was. A, and A„ corresponded to 
A, and A, of a carbon steel which contained the same amount of iron 
carbide, and A, was also otherwise unaffected. (6) The critical tem¬ 
peratures were thus dependent ou conclusions (4) and (5) jointly and 
it wai seen that that led to some important positions. Of thosV one 
of the moat important was that in steels in which the ratio of vana¬ 
dium to carbon content exceeded about 6: l, the critical points A„ 
A* A would be much the same as in pure iron, namely, A, alrsent, 
A; well marked, A, rudimentary. Those points would be shifted iu 
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accordance with the amount of excess vanadium in solid solution in 
iron, as stated under conclusion 4. 

Those remarks implied that he (Dr. Rogers) did not consider that 
in the vanadium steels there was any evidence that A, or A 3 was 
raised up to 1200° to 1400° 0. It was yet on open question whether 
the phenomena occurring at the high temperatures mentioned were 
related to the completion of solidification or occurred in the solid 
state; but the condusion embodied under (2) seemed the most pro¬ 
bable explanation. Thus, on chilling from a temperature slightly 
above a certain line, probably representing a constant temperature of, 
say, 1300° C., vanadium carbide was retained in the form of solution 
in iron, and the steel was hard. Apart from the question whether 
that temperature was below the temperature of complete solidification 
or not, that phenomenon was thus closely analogous to the changes 
bccurring at the A, and A a points in carbon steels, but was distinctly 
not tbo same phenomenon shifted up to a higher temperature by the 
presence of vanadium. If tho hardening was brought about entirely 
in the solid state, clearly there must be a new critical point or poiuts 
at that high temperature, which would be neither A. nor A s , and 
admittedly was not A,. But it was more probable that that hardening 
temperature was the solidus, in which event it would not require a 
special name. 

It would be seen that the foregoing explanations would justify the 
criticism which he (Dr. Rogers) made in the discussion of the authors' 
use of the term u fi- range." Whilst the comparison with the case of 
chromium steels could not be carried for, it was only used to show that 
since the relative positions of critical points might change, the signi¬ 
ficance of a range between two given critical points being subject to 
special interpretat ions, according to the case. Referring to tbe state¬ 
ment that steel did not harden when quenched from 850° C. because 
it contained no iron carbide, its behaviour was that of iron with a 
little vanadium (about 4'5 per cent.) dissolved in it, and bolding also 
some small grains of vanadium carbide, but uot in solution, at the 
quenching temperature. 

Professors Arnold and Read, in replying to the discussion and 
correspondence, wrote tliat they quite agreed with Mr. Suuitcr thnt 
the upward movement of the point Ajj, noted by Mr. Moore as due 
to chromium, was of a similar nature to the enormously greater 
raising of the point observed by themselves in the case of vanadium. 

In reply to Jlr. Rogers, the authors were under the impression that 
the term “ range " was well understood. For instance, in a 0-2 per 
cent, carbon steel tho Ar lf Ar s , and Ar 3 transformations had a certain 
amplitude, and the temperatures included between the end of one 
amplitude and the beginning of the next was obviously a “ range,' and 
theoretically one got three ranges, viz. tbe a-runge below the begin¬ 
ning of the amplitude of Acj, the fi -range from the end of the ampli¬ 
tude of Acj to the beginning of the amplitude of Acj, and tbe y-range 
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above the end of the amplitude of Ac*,. With reference to the nomen¬ 
clature of the three now constituents discovered by the authors, with 
all due deference to Drs. Rogers, Rosonhaiu, aud Stead, the authors 
humbly claimed the right to christen their own children and proposed 
to exercise it. Of course those gentlemen, after their wont, could 
alter the authors’ terms for their own purposes and call the new 
constituents by any name they pleased. Dr. Stead had kindly mapped 
out further work for the authors, and no doubt such work was desir¬ 
able, but the authors would respectfully suggest to Dr. Stead that a 
little practical help was worth a world of advice. I)r. llosenhain and 
his somewhat slavish adherence to equilibrium curves did not appeal 
to the authors, since as practical men their faith in such curves fell 
far short of that of Dr. Rosenhain. Dr. Hagers did not consider 
there was any evidence that the point Ar, was raised much. Then 
where was it? It certaiuly did not present itself in a 1 per cent! 
steel high in vanadium between 530' and 1250" C. Mr. Edwards 
was much nearer the mnrk when he recognised that the new fact* 
pointed the way to a correct theory, explaining the extraordinary 
properties of high-speed steels. With reference to Mr. Royston’s 
results, Professor Turner was not inclined blindly to accept them, and 
in that respect his views were coincident with those of the authors, 
since they had never been confirmed. 

Finally, the authors wished to reiterate for the benefit of Dr. 
Rosenhain that tho coincidence of their views with those of Professor 
L« Chatelier as to the cause of the hardening of steel being due to 
carbon aud a-iron were widely known. 
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NOTES ON THE SOLUBILITY OE CEMENTITE 
IN HARDENITE. 

Bt JOHN OLIVER ARNOLD. D.Met., 

AND 

LESLIE AITC1IISON. M.MET. 

(Sheffield Town Tkl-st Rkseakch Fellow, and Demonstkatok of 
Metallukcical Chemists* in the Usivsssmr of Sheffield}. 


For the purposes of this research the following stools wero 
prepared by tho crucible process:— 


Steel No. 1291. 


This was cast into an ingot If inch square and hammerod 
down to f inch round. 

It was slightly supersaturated, containing— 


Per Cent. 


Carbon . 11150 

Silicon . 0 04fl 

Manganese ....... OTOO 

Sulphur ....... 04)23 

Phosphorus. . 04112 


.Steel No. 1290. 


This was experimented upon as cast. It was a well super 
saturated steel containing— 



Per CenL 

Carbon . , 

. . . . 1 400 

Silicon .... 

. . . . 0040 

Manganese . . . 

. . . . 0100 

Sulphur . . . 

04)25 

Phosphorus . 

. . . . 04)12 


Method of Heating and Quenching. 

Fig. 1 shows full size duplicate sections prepared for 
quenching. MM are the two rnicrosections attached by 
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narrow necks to the main body of the steel which contains o 


S 5 



Fig. L— Full site. 


recess C for the thermocouple. Tko wholo is loosely sus¬ 
pended in the bath by the wires. SS. Fig. 2 shows the 


R 



Fin. 2. Sectional Sketch of Hatting Apparatus. 


general heating arrangements. FF is a gas-furnace heating 
the salt-bath crucible, BB. This contains a mixture of 
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barium and calcium chlorides, together with a littlo potassium 
cyanide. The rod, R, is attached to the suspension wires and 
enables the pieces to be moved about to ensure equal bath 
temperatures throughout. The narrow quartz tube, TC, 
contains the thermocouple. The leads pass to the cold junc¬ 
tion, CJ. and thence to a Le Chatelier pyrometer reading to 
1° C. The quenchings, made in an ample tank of cold water 
and brine, did not occupy more than one second. 


Absorption Curves. 

Stool No. 1291 presented the maximum of the combined 
point Ac 1, 2. 3 at 727° C. Steol No. 1290 presented the 
point at 728° C. 


Preparation of Microsectioxs. 

The pair of sections were broken of!' through the attaching 
necks, and of an inch was ground (with every precaution) 
from the faces of the sections. These were polished on emery- 
paper and finally on a rapidly revolving block charged with 
water and fine alumina. They were etched oither with a 
6 per cent alcoholic solution of picric acid, or with 1 per cent, 
nitric acid solution os most convenient, and were then dried, 
examined, and photographed. 


Remarkable Quenching Phenomenon. 

Rapid as was the quenching, it was found, nevertheless, 
that although the circumferences of the sections were probably 
trapped in the condition in which they existed at the quench¬ 
ing temperatures, the centres had been let down more or less 
completely to troostitic material by heat conducted from the 
mass of the steel through the necks to the microsections. 

The 1-05 per Cent. Carbon Steel No. 1271 (Forged). 

The normal section of this steel consisted as usual of 
pearlite dotted over with irregular patches of cementite. 
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When quenched from 741° C. the cementite does not seom to 
have dissolved in the hardenite to any great extent. Plato 
XXVI. shows the section well etched with nitric acid. The 
white cementite patches are clearly visible, whilst the dark 
etching hardenite shows an indefinite granularity. 

Quenched from 750° C., etched with picric acid, the mass 
is nearly all structureless hardenite, only a few pieces of dark 
cementite (due to reflection) remaining undissolved. (See 
Plate XXVII.) 

Quenched from 755° C., etched with nitric acid, tho whole 
of the cementite appears to have passed into solution. The 
whole moss is a dark etching substance consisting of austenitic 
hardenite presenting an indefinite granularity. (See Plate 
XXVIII.) 

Note. — The above three sections were all kept at the 
temperatures specified for a period of fifteen minutes. 

The 1*46 per Cent. Carbon Steel No. 1290 
(as Cast). 

Tho section as cast consisted as usual of pearlite with 
sectional triangles marked out in cementite, indicative of 
cubic crystallisation. Plate XXIX shows a section heated up 
to 750° C. and quenched. The pearlite hns changed to har- 
denite, but the cementite (dark etching) remains in situ, 
apparently little changod. 

Quenched from 810° C. —This section shows light streaks of 
comontitc still undissolved and white patches of austenitic 
hardonito on a dark ground-mass of troostitic material " let 
down ” from hardenite in the manner previously described 
(See Plate XXX) 

Quenched from 868° C.—This section much resembles the 
last, except that more cementite has dissolved. (See Plate 
XXXI.) This section was kept at tho temperature named for 
twelve minutes. 

Quenched from 942° C. after being kept at that temperature 
for fifteen minutes. The cementite has entirely dissolved 
(in fact the solution seems complete for this carbon about 
920° C.) and the ground mass is austenitic hardenite, showing 
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bore and thoro a martensitic structure. This section shows 
also very well the formation of troostitic areas from a series 
of centres owing to the heat traversing the neck from the 
main body of tho steeL (See Plate XXX1L) 

Theoretical Considerations. 

In presenting this preliminary noto the authors wish to 
point out that during a research, involving the preparation of 
about 250 microsections, it has been clearly proved that the 
change of pearlite into hardenite occurs during a range of 
temperature not exceeding 3° C. In other words. 13 per 
cent, of B, Fe s C, dissolves in or feebly combines with iron 
very rapidly, whereas say 10 per cent, of A, or cementite 
carbide proper, requires, as has been shown, a range of about 
190“ C. for its complete solution. 

Hence, it is a subject for serious consideration. Is not the 
diffusion of A. carbide, into hardenite a normal act of solution, 
whilst the diffusion of B, cementite, into iron is rather of the 
nature of a reduction, producing a lower compound (har¬ 
denite) unique in its remarkable attenuation ? 
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DISCUSSION. 

l)r. Walter ItvSEVH.if.v (Teddington) Mid be considered the result 
described by Professor Arnold was obviously what one would have 
expected from the known properties of eemeutite and the curves in 
the equilibrium diagram, aud he thought that therefore the [>aper did 
not require to be dealt, with by him. In a hyper-eutectoid steel 
ceinentite was present in two conditions—laminated, and therefore 
finely divided in pearlite, and massive, as free ceinentite. Now if one 
tried the experiment of dissolving in water a finely divided substance 
aud the same material in the form of large crystals, it would be found 
that a longer lime or a higher temperature would he required for dis¬ 
solving the large crystals. That alone would account for most of 
Professor Arnold's observations; but, further, it would appear from 
the equilibrium diagram that in order to dissolve the free eemeutite 
in the y-iron it was necessary to raise tho steel to a temperature above 
that of the curve representing the solubility of eemeutite in austenite, 
and that fact accounted for the higher temperature required in some 
of Professor Arnold's experiments. In fact there was no phenomenon 
which Professor Arnold had produced which suggested in the remotest 
degree that free eemeutite and eemeutite as contained in pearlite 
were different in character, or that the mode of their solution was 
essentially different. 

Dr. J. K. Stead. F.R.8., Vice-President, said he was sorry the 
subject of the solubility of ceinentite in hardenito laid not been "dealt 
with at greater length, so as to make it perfectly dear as to what was 
really meant by the authors; it had been written in the fewest possible 
words, and such brevity was liable to lead to coufusion. The term 
“ saturated ” applied to annealed steels was likely to be misleading, for 
such stools could not Ik* regarded us saturated in any sense, and only 
became saturated, according to the definition of Dr. Arnold, in steels of 
pearlite composition after they had been boated and quenched from 
above the critical point. Pearlite contained two substances lying side 
by side and independent of each other. He would suggest that the 
alternative term “ eutectoid," proposed by Professor Howe, was more 
satisfactory and useful, and it could be applied to steel with 0i) per 
cent, carbon whether in the hardened or annealed condition. It cor¬ 
responded by analogy to the eutectic of eutectiferous alloys. He (I)r. 
Stead), in a recent lecture before the West of Scotland Iron and Steel 
Institute, had endeavoured to remove the confusion existing in con¬ 
nection with the nomenclature of steel by giving the terms and defini¬ 
tions of the several authorities. He need not, therefore, further discuss 
the question of nomenclature. 

On page 237 it was stated that “the quenchings, made in ah 
ample tank of cold water and brine, did not occupy mure than 
one second." It was not clear what was meant by that sentence. 
Did the authors mean that it occupied one second to transfer the 


Plate XXVI 



Carbon 11* per Cent. Healed to 741' C. and held there for 15 minute', ami then quenched. 

Magnified 180 diameter*. 









Plate XXVII 



Carbon 106 per Cent Heated^to 750 C. and held Iherr for 15 minutes and then quenched. 

Magnified 'J70 diameters. 




Plate XXVIII 



Carbon 1 03 per Cent. Held at C, for 15 minutes and then quenched. 
Magnitie I 180 diameter*. 




Plate XXIX 



( artion 1-40 per Cent. Heated to 750" C ami then quenched 
Magnified 32U diameters. 








Plate XXX 



Carbon 1 40 per Cent. Healed to #10" C. and thm quenched. 
Magnified 330 diameter*. 






Plate XXXI 



• arbon l'-MS per Cent. Heated to NGT C. and held there for 12 minutes anti then quenched. 

Magnified 320 diameters. 






Plate XXXII 



Carbon 146 per Cent. Held at 94T C for 15 minutes anil quenched. 
Magnified 320 diametcis- 
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pieces from the heating bath to the water, or that the steel was 
quenched right out in one second t If the Utter interpretation was 
correct, then he was afraid practical men would deny that U was 
possible toquouch t«> coldness pieces of steel of the size given trem 
900° to 1000°C. in such a short time. As a matter of fact, at the end 
of a second the steel would still Is* red-hot. White-hot steel when 
plunged into water remained visibly red for a few seconds. He 
believed that if it were possible instantaneously to chill low and 
medium carbon steels from a high temperature it would be panh e 
to retain ihe iron partiaUy in the y-state. He honed some day to 
Is-ing before Urn Institute the result of work ho had arranged to do 

in that direction. . . . , _ . .. 

The authors, in describing how their specimens were etched, said 
thev used two different reagents, one a 5 per cent, solution of picne 
acid solution, or a 1 per cent, solution of mine acid, as most con¬ 
venient. What was meant by the expression ‘ most convenient I He 
understood it to mean the most suitable, but, os a matter of fact, he 
(Dr. Stead) had not found tlwt either of those solutions were most suit¬ 
able for developing the structure of hardened steels. The p-hsl 
attack” of Osmond, in his opinion, gave the host results ; hut that was 
not suitable excepting where there was no dust floating abia.t the 
laboi-utarv or pdishing room. He had found a solution of 2 cufakert.- 
metres of'nit lie aci.l in 98 cubic centimetres of amyl alcohol a rapid and 
useful reagent. The etching did not take more tlmn one to two minutes. 
The enlarged photograph he exhibited (Fig. 1) was of steel of tl 
same compLiJon and hardened in the same way as that represented ... 
Plate XXX. It showed the charnctenstie martensite structure. I lie 
illustration on Plate XXVII. resembled the sun with a «* 

side of it, and did not show the structure which was undoubted y .n 
the steel itself, probably because the picnc acid reagent employed for 
etching laid not been in contact with the metal.surface for • lon g 
enough peril si. The authors referred to cen.ei.Ute as white in one 
place and dark in another; the reason for tlnitdifferenceshmihlb.- 
explained. Osmond had shown that when any thin plates of cementite 
were in relief, and the edges of the ..rejecting particles were rounded 
and no. quite flat, vertical rev. of light falling on the rounded surfaces 
were reflected nuiinlv outside and not into the microscop- tube, and 
Tor tilt reason the rementite appeared to be dark although bnffiantly 

pf nSx and diuminatrr™^^ reys, for 

^rtensiKausbjirte^dteoret It WM generally 

to a range .j ^ a -J !tI J „ot a range. The best way U. 
maintained l&atthi ^ spread over any interval was to 

1012.—L 


242 


DISCUSSION ON ARNOLD AND AITCHISON’s PAPER. 


pera tur e above 700° C. at oue end, leaving the other end well 
below 700° U. for u period of six bourn, then cool In air, section 
it longitudinally, and polish and etch. Treated in that way, t.lio 
critical point was shown as a well-defined junction without any 
gradation from oue side to the other. The specimen shown (Fig. 2) 



Fig. I.—Hardened Sir.-1 corresponding with Plate XXX.. etched with a 2 per cent 
solution of nitric acid in isoamyl alcohol Martensite structure in the inter- 
cementitr portion of a cemented bar containing about I 4 per cent, carbon, 
heated and quenched from 870“ C. Magnified 500 diameters. 

wns an example of stand prepared in the manner described. It 
had been heated for several hours at one end to about <JO0’ C. in 
a muffle furnace, whilst the other end projected into the air and 
was below redness. After the heating the bar was removed, cooled 
in air, sectioned, polished, and etched. The dark port represented the 
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portion of the steel which hail been heated above the critical point 
the lighter part represented where the heat was below 
the critical temperature. The white border to the dark portion 
represented the area where decarburisation had occurred during the 
heating. 

The specimen illustrated several phenomena:— 

First, that the critical point was really a point and not a rnnge 
—a fact impossible of demonstration by the thermal recalesccnce 
method. 

Secondly, that whilst at the critical temperature the carbide was 
in solid solution, just below that temperature the steel was most 
rapidly softened, due, as the microseo|M5 proved, to the rapid segrega¬ 
tion or globularisation of the cemeutite plates of the pearlite. 

Thirdly, that surface decarburisation of steel heated in air 
increased with the temperature above the critical point. 

The quenching phenomena, referred to by the authors as remarkable, 

Al»o,e Brio* 

Critical Potnu Critical Point. 



Critical Point. 

Fro. i—Tool Steel. 1-mch Bor. Carlton 0 86 per Cent. 

really was so, but had been noticed by other observers. Osmond, who 
was the first to uotice it, stated that in order to nvniil having t root,tite 
mists] with martensite or lumlenite, it was necessary to use small 
pieces of steel, as it was impossible to harden large pieces of carbon 
steels so as to have the inside portions free from troostite and as hard 
ns the exterior parts; the reason being that the cooling of the central 
portion was slower than that of the exterior, and partly passed through 
the change point. In conclusion, he suggested that the authors should 
explain what, was not quite clear, and introduce photographs showing 
the true structure of steels quenched from high temperatures. 

Mr. C. A. Edwards (Middlesbrough) said be agreed with those who 
bml criticised the statement that the change from liardenite to pearlite 
took place over a range of 3° C. There w.is, however, no objection if 
the authors intended the statement to refer to an experimental range 
of temperature. If the range was supposed to lie theoreticsd, it would 
necessitate modifying the iron-carbon equilibrium diagram to a very 
serious degree. 
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Sir Robert Hadfiei.d, F.R.S., Past-President, thought that Dr. 
Stead's remarks concerning the hardening of steel rulher gave the idea 
that in hardening a large mass of steel it wag uot possible to get as 
hard a surface in the interior as the exterior. It might, however, be 
mentioned that, for example, in hardening nmsses of steel wnch »s 
projectiles, if desired, it was quite possible to maintain the interior as 
hard as the exterior. He mentioned that point to show that with 
certain kinds of steel luirdness was not confined to the surface. 
That was not unnatural, because, for example, if they poured white 
iron into a mould two feet in diameter, they would get it almost as 
liard in the centre as on the outside. It therefore probably followed 
the same law existed more or less with regard to the hardening of 
steel. 

Mr. W. H. Hatfield (Sheffield) said I)r. Itosenhain had stated that ho 
did not know what hardenite was. He (Mr. Hatfield) did, and in fact 
the term was generally understood in Sheffield—and, after all, Sheffield 
counted in the world of iron and Bteel—to apply to tho solid solution 
or an attenuated chemical compound corresponding in composition to 
Fe. J( C when atiove the pearlite change point. It was a solid solution 
or sub-carbide which, when quenched, possessed extreme hardness. 
That was hardenite, and he put it to I >r. Itosenhain and others that 
they could not get any more adequate name for it. It really was 
41 harden "-ite. Dr. Itosenhain had mentioned martensite, and asked 
whether they called it hardenite. He thought martensite had passed 
into the language of metallurgy as the adjective “ murtcusitic," as the 
description of a structure, not as a constituent. At any rate, that was 
how it was understood in Sheffield. Dr. Stead had used the expres¬ 
sion “martensitic structure," and Dr. Stead might be taken as 
exemplary in those matters of nomenclature. He (Mr. Hatfield) 
must, however, correct himself since Dr. Stem! stated that the terms 
saturated and supersaturated made him creep. Why? The solu- 
tiouists—and after all it was tho solutionists that were the biggeBt 
antagonists of the theory of Professor Arnold—had their strongest 
support, in his opiniou, in the very terms “saturated," “ subsnturated,” 
and “ supersaturated " solution, which were Professor Arnold’s terms, 
and obviously most applicable to alloys such as steel. If Dr. Stead 
meant an 0'89 per cent, carton steel which had boen annealed, it still 
remained a saturated steel—that was, that at higher temperatures it 
constituted a saturated solid solution. There was only one point 
further, and tliat was the question of the words sorhitic and troostitic. 
He thought it was fairly well understood now that those names applied 
to different gradations of tho decomposition products resulting from 
the dissociation of liardenite into pearlite. 

Mr. W. J. Foster (Darlaston) said that he had on many previous 
occasion* discussed tho possibility of carbides of iron existing either 
in steel or cast iron, and ho maintained point blank that, assuming 
due regard were paid to the integrity of the constitutional laws of 
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chemistry, there was no such thing os carbide of iron (Fe s C) under 
any conditions whatever. In fact, tho supposed chewiest I compound 
he regarded as nothing other than an artificially manufactured 
formula, inasmuch as it was necessary to have a specific degree of 
carhou saturation, and also the cooling or heating temperature must 
he definite. Ho would like Professor Arnold to discuss that important 
question without prejudice either to the physical or chemical branch 
of science, ami instead of concentrating the argument, as hud been 
done in the past, on the properties of outcctoid steel under specific 
circumstances of heat treatment, Ac., to divert his (Professor Arnold's) 
attention to the solubility of carbon in iron at higher temperature-, a 
subject dealt with by Mr. Foster in a [taper which he read beforo the 
West of Scotland Iron and Steel Institute. 

Itefore going further, he would he pleased if Professor Arnold 
would kindly consent to discuss the following preliminary questions : 

(1) How would Professor Arnold or any of the Carbonists attempt 
to evolve tho formula Fe s C, simply on the usual constitutional 
laws as regards its valency ? 

(2) How would the Carbonists attempt to separate the supposed 
Fe s C from pure iron or cast iron saturated with carbon in the 
electric furnace, or the hot-blast furnace, the solution being allowed 
to cool down from extremely high temperatures over a long period 1 

(3) How would they account for the decompositian of Fe s O, or 
anv other chemical compound due to a rising temperature, and also 
at the same time the formation of Fe 3 <J, by a reduction in tempera 
ture, with absolutely the same material involved, a phenomenon 
depending simply on the degree of saturation 1 

(4) If a chemical compound were definitely known, its heat forma¬ 
tion should also bo indirectly or directly known. How did Car¬ 
bonists explain the thermal properties of the alleged carbide, and 
what heat units would they attribute to its heat formation ? Was its 
formation attended by an exothermic or an endothermic reaction < 

(5) A chemical compound when formed must necessarily be stable 
over a considerable range of temperature without decomposition, 
assuming tho general system were not interfered with by some 
external chemical action. How did Carbonists account for the gradual 
decomposition in a solution of liquid or solid carbon in iron < 

Probably the most useful nomenclature of carbon would be based 
on the degree of carbon saturation, or, in other words, the percentage 
of the calls in contents. Just as Mr. Foster had proved that the 
fracture of cast iron depended absolutely on the degree of carbon 
saturation, or its total carls m contents (other elements being con¬ 
sidered to remain constant), tho carbon contents nnd consequently the 
fracture depended entirely on the temperature. The -ame conditions 
applied to steel, therefore he contended there was good, solid, and sub¬ 
stantial ground to work upon. Why, therefore, attempt to construe 
a simple problem into an unnecessarily difficult one ? M hatever might 
be the issue <4 that great question, the usefulness of Professor 
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Arnold’s valuable researches of the past on the properties of steel 
would, however, be difficult to over-estimate. 


CORRESPONDENCE. 

Professor H. Lk L'uateukk (Bessemer Medallist) wrote that he felt 
a certain degree of embarrassment in discussing the piper by Pro¬ 
fessor Arnold and Mr. Aitchison, owing to the vagueness of the defini¬ 
tions in the terms employed ami the general lack of accuracy in the 
experimental methods. So far us could lie seen, the essential results 
of the research differed in no wise from conclusions which had long 
since been accepted. 

It was quite surprising to see so low a transformation temperature 
for these steels as 727°. That was surely an experimental error. In 
order to ascertain the temperature of the thermo-electric couple, it 
was necessary to plunge that couple into a mass kept at uniform 
teuqieruture over u length equal to at least ten times the diameter of 
the couple, or else in n cover, as shown in the figure, over n length 
equal to ten times the diameter of the silica glass tube used as a pro¬ 
tective cover. It was certainly iu that direction that the cxplntintiou 
of the divergence noted between the temperature of transformation 
ami that of hardening—727° to 750 —was to be sought. 

Tlie authors were surprised to find the centre of their bars |>ossessed 
a structure differing from that of portions nearer the surface, hut that 
was a well-known fact. A carbon steel containing 1 per cent, of 
curlion, taken as a bur 10 millimetres in diameter and quenched 
somewhat nlnve the end transformation punt, gave martensite alone 
(Professor Arnold’s “ luinlenite ”). The same quenched in a bar of 
50 millimetres diameter would give troostite only (Professor lleyn’s 
“ oemondite"). With intermediate dimensions the two constituents 
could exist side by side in the same section. The proportion of 
troostite would be larger in propirtion to the size of the bar and to 
tin* amount of carbon it contained, and the closer the temperature of 
quenching approached the Irunformation point. Those well-known 
facte being borne in mind, the results obtained by the authors of the 
piper might be examined. The experiments on the stead containing 
1-05 per cent, of carbon were alwolutely normal. Quenching nt 741°, 
that Is to suy, distinctly in the immediate neighbourhood of the trans¬ 
formation point gave, as it always did, troostite (osuiondite) ; at 750° 
martensite (luinlenite) was obtained, and the same result occurred at 
755°. The darker colouration iu the photograph arose from using too 
energetic a reagent—nitric acid instead of picric ucid. Eveu with 
tbo latter, however, the martensite became blackened, provided the 
etching was continued loug enough. 

The remains of cementite described were not visible in the photo¬ 
graphs, the clearness of which was quite insufficient, for Bueb an 
observation. On directly viewing the specimen, however, it was, as a 
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matter of fact, possible to detect plates of cementite, the simple being 
a hyper-eutectoid steel containing 1*06 per cent, of carbon, whereas 
the eutectoid steel only contained 0'85 per cent, of carbon. 

The steel containing 1 *41> per cent, of carbon up|>eured to have given 
nt all temperatures, so far as it was possible to ju«lge from the j>hoto 
graphs, a more or less considerable proportion of troostite (osmondite). 
That arose from the fairly large dimensions of the sample, from its 
high percentage of carbon, and from its purity from other elements, 
particularly from silicon. With u sample half the size, marten site 
would certainly have predominated. In any case, the grnduul solu¬ 
bility of cetnentile in the solid iron-carbon solution (austenite oil 
heating) agreed with what had for a long time been known. The 
classic iron-curls in diagram showed the variation of that solubility 
in terms of the teuqiemture. On the other tutnd, he (Professor 
Le Cluitelier) did not understand what the authors meant by marten- 
si te-hardenite, as the photographs afforded no information on the 
subject. 

Professor Askold and Mr. ArrcnisoK, in reply to I>r. Hosenhuin, 
dissented altogether from his parallel of the phenomena of s&line 
solution with those of the solution of cementite in liardenite. 

The solution of 13 per cent, of fi or pearlite carbide was almost 
instantaneous and in the nature of a chemical reaction. The solu¬ 
bility of a or free cementite was really in the nature of a solution, 
fineness of division playing a very important part in the rapidity 
with which a-cementite dissolved in liardenite in a supersaturated 
steel. Speaking in round numbers, 13 per cent, of u-cementite 
required a range of 200 for complete solution against, say, 2 for the 
same quantity of /i-carbide. Ur. Stead had discussed a preliminary 
nute nB though it was the actual paper dealing with tho solubility of 
cementite in liardenite. With reference to Ur. Steads suggestion 
that the authors should adopt Professor llowo's term “ eutectoid, the 
authors regretted that they could not comply with that request. * hie 
of the authors published the term “ saturated eight years before 
Professor Howe proposed the new term without, any consultation 
with the discoverer of the phenomenon. With reference to the dura¬ 
tion of quenching, the edge of the micro-section was cold in about a 
second iu spite of the opinion of Dr. Stead to the contrary. VV ith 
reference to the term “point” as opposed to “range, here again the 
authors disagreed with Ur. Stead. The actual duration of a trans¬ 
formation was best described as its “amplitude.” The term range 
had reference to the temperature, in degrees, intervening Is?tween the 

transformations. ... .. 

The production of areas of troostitie pearlite by heat fed along the 
neck during quenching bail never been recorded by Osmond, ns stated 
bv Dr. Stead, and in the absence of the nock attaching tho thin micro¬ 
section to a larger mass of steel would not have taken place, since the 
transformation to hardenite would have been preserved throughout 
the section. 
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In reply to Mr. Foster the authors only wished to state that the 
existence of the definite carbide Fe a C was well established, and one of 
them hud already given Mr. Foster instructions how to isolate it, of 
which apparently he had failed to avail himself. 

In the opening paragraph of Professor Le Chatelier's criticism be 
said that the methods employed exhibited a general lack of accuracy, 
although the results did not differ from accepted conclusions. Was 
it to be assumed that the conclusions reached by Professor Le 
Chatelier were similarly based on inaccurate methods ? However sur¬ 
prised Pi-ofessor Le Chatelier might be at the transformation of 
pearlite to hnrdenile, beginning at 727° or 2° before its ordinary 
temperature, such was the fact, and there was pyronietric accuracy 
insured at any rate to 1°. 

The authors, however, absolutely denied that their conclusions :is 
to the solubility of cemeutite in hardenite were generally admitted; 
for instance. Dr. Desch in bis “ Metallography " (p. 374) stated, “ A tool 
steel containing 1-6 per cent, carbon quenched from 800° in ice water 
consists of pure martensite,” a hopelessly inaccurate description. 

It would he seen in the light of two pu|*>r* to l»e read at the Leeds 
meeting, one the complete paper on the solubility of cementite in 
hardenite, and another on the solubility of hardenite in ferrite, that 
many of the criticisms on the preliminary note would fall to the 
ground. 
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THE CORROSION OF NICKEL, CHROMIUM, 
AND NICKEL-CHROMIUM STEELS. 

By J. NEWTON KKIEND, J. LLOYD BENTLEY, AMU WALTER WEST 
(Dakungtok). 


The effect upon tbo rate of corrosion of iron and steel pro¬ 
duced by the introduction of alloying elements is a study 
which has been much neglected, although the influence of the 
same elements upon the general physical characteristics of 
the metal has in general been fairly completely dealt with. 

The corrodibility of steel may bo influenced in at least 
three different ways by the introduction of foreign elements, 
namely: — 

1. A few elements, such as carbon, nickel, and silicon, yield 
compounds which offer a stout resistance to oxidation, and 
thus greatly enhance the stability of the metal towards cor¬ 
roding influences- 

2. Some elements yield readily fusible alloys or compounds 
of variable melting points, which, during the solidification of 
the steel, tend to produce unequal distribution of the mate¬ 
rials in the solid metal. This segregation is one of the most 
serious causes of galvanic activity and " pitting with which 
the engineer has to contend. 

3. Finally, a few elements, like sulphur, when present 
in steel, exist in the form of relatively oxidisable bodies 
which yield sulphureous acids, and thus greatly enhance the 
rate of corrosion of the metal when once it has begun. Now. 
although a good deal of isolated work has been done from 
timo to time on the corrosion of nickel stools, most investi¬ 
gators have contented themselvos with determining the 
relative rates of corrosion under only one, or at most two 
sets of conditions, the most usual being exposure to salt 
water and acid respectively. It was felt to be desirable to 
investigate more thoroughly the influence of nickel, and like¬ 
wise to study that of chromium and of a mixture of nickel 
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ami chromium, upon the corrodibility of steel—the last two 
branches of the subject haring received but little attention 
hitherto, very few published data being extant. The authors 
are supplementing the work detailed in this memoir with 
several series of " long-period ’’ tests, and hope, at a later 
date, to communicate the results and discuss them fully. 

The steels experimented upon were kindly supplied in the 
form of bars by Messrs. Cammed, Laird & Co., of Sheffield, 
and were tool-turned and sliced into discs 0 7 centimetre 
thick and 2 - 8 centimetres in diameter, by the Darlington 
Forge Company. To both of these firms the authors wish 
to express their hearty thanks. The analyses of the steels, 
kindly supplied by Mr. B. Deby of Sheffield, were as follows:— 


Analyte* of Steele. 


Steel 

No. 

Carbon 
per Cent. 

Silicon 
per Cent. 

I*lio6pboni5i 
per Coil. 

Man¬ 
ganese 
per t ent. 

Sulphur 
per Lent 

Nickel 
per Cent. 

Chromium 
per Cent. 

1 

029 

on 

0 023 

ii30 

0024 



2 

0-30 

0*208 

0*023 

0886 

O'QSW 



3 

0T!> 



0*29 


3*72 


4 

0 24 



0*40 


6*14 


5 

0-00 



0*38 


28*24 


ft 

0-34 



0 38 



lia 

7 

Oil 



0*110 



3*68 

s 

0*0!l 



trace 



5*30 

u 

0563 

0 127 


0*41 


3 40 

MX) 

10 

054 

*** 

•** 

Of* 


3 6 

1T2 


It will be observed that while tho steels have not a per¬ 
fectly uniform composition with respect to the alloying 
elements, other than nickel and chromium, the discrepancies 
are relatively small and of minor importance compared with 
the range of nickel and chromium covered. Any rosults 
obtained with these, therefore, may probably be regarded as 
reliable. The discs of steel were enrefully polished with 
emery-paper, weighed, and subjected to corroding influences 
as follows:— 


1. Tap-water Tests. 

Tho discs were laid flatwise on a circular sheet of paraffin 
wax in a glass crystallising dish, as shown in Fig. 1, covered 
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with tap water too depth of 6 centimetres and kept in a dark 
cupboard to prevent any irregularity of corrosion consequent 
upon unequal illumination. The paraffin served to reduce 
to a minimum the possibility of galvanic action, and also 



prevented the corrosive action of the silica — always observod 
if iron lies for any length of time in direct contact with glass. 
After sixty-four ilays the discs were removed, cleaned, anti 
weighed, the loss in weight being taken as a measure of the 
corrosion. The results were as follows:— 


Common of Sir flu in Tap li ulrtr. 


-Steel 

No. 

Nickel 
per Cent. 

Chromium 
per Cent 

Original 

Weight. 

Gramme!. 

l.«rv» in 
Weight. 
Grammes. 

Cnrruston 

Factor. 

1 



3D *6201 

011961 

100 

*» 



37-4186 

0 1(138 

108 

1 

3*72 


33*0800 

0(1708 

83 

4 

6*14 


80*1416 

006(9; 

«> 

s 

86*34 


33*4706 

o*mss 

51 

r. 


l-is 

28-7101 

01)817 

85 

7 


3B8 

38*6896 

(MODS 

58 

8 


6*30 

31*1996 

0*0400 

43 

li 

3*4 

1*00 

80-8998 

0 07341 

77 

10 

3* 

111 

81*6800 

00844 

87 
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2. Sea-water Tests. 

This series was conducted in a precisely similar maimer to 
the previous one, save that the tap water was replaced by sea 
water taken from Bridlington Bay. The authors desire to 
acknowledge the kindness of Miss Agnes Harrison in obtaining 
and forwarding this to them. After sixty-four days, the loss 
in weight of the steels was found to be as follows:— 


Common of Steel* in Sea Water. 


S<cfl 

No. 

Nickel 
per Cent, 

Chromium 
per Cent. 

Original 

Wright. 

Grammes. 

Loss in 
Weight. 
Grammes. 

Corrosion 

Factor. 

i 



34 4M1U 

0 I13C 

100 

8 


.... 

37-57251 

0T196 

100 

3 

378 


30-9084 

OIISHfi 

77 

4 

fill 


32-9*44 

0 -liHOfl 

79 

a 

»•** 


30-2324 

1 > 0516 

45 

6 


112 

28-7259 

O 0886 

60 

7 


3-5* 

35 9839 

0-0291 

a; 

H 

... 

5»» 

*1-9149 

0 0261 

23 

0 

3 1 

too 

3H 6314 

oi)936 

82 

10 

3*5 

ITS 

291314 

0*1826 

90 


3. Sulphuric Acid Tests (0 05 per Cent.). 

These results wero obtained in an exactly similar manner 
to the preceding, the corroding liquid being 0-05 per cent, 
sulphuric acid (that is 0*5 gramme of acid in 1000 grammes 
of solution with water). The results obtained after sixty days’ 
exposure ore given in the accompanying table: _ 


Corrosion of Steel* in 0 05 per Cent. Sulphuric Aci,l. 


Steel 

No. 

Nickel 
per Cent- 

Chromium 
per Cent 

Original 

Wright. 

Grammes. 

l.oa in 
Weight. 
Grammes. 

Corrosion 

Factor. 

1 



3711886 

D’ltiW 

100 

i 


*«*• 

37-2552 

0-1560 

98 

3 

373 


32 2582 

0 1350 

86 

4 

614 


314)302 

01320 

8 ° 

5 

2621 


31 4363 

01W60 

54 

6 

MS 

112 

29-9576 

0 1134 


7 


3-5H 

29-9348 

O’lOt® 

68 

8 


6 30 

30-8742 

0 1086 

68 

9 

3 4 

100 

308138 

0 1394 

87 

10 

3'6 

112 

32-4194 

0 1492 

93 
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4. Sulphuric Acid Tests (0-» per CenL). 

Those experiments were similar to the preceding ones, the 
ncid being of the strength 0 - o per cent, by weight. The results 
obtained after fifty-three days’ exposure were as follows:— 


Common of Steel * in fl o per Cent . Sulphurir Add . 


Strel 

No. 

Nickel 
per Cent. 

1 hmmium 
per 1 'em. 

Original 
Wright. 
lirammeft. 

Luss in 
Weight. 
Grammes. 

Corrosion 

Factor. 

1 



34 426G 

018508 

100 

2 



3S«:w« 

2 4878 

259 

3 

373 


32 1X40 

o-ftltos 

65 

4 

614 


31 3370 

00042 

63 

ft 

2*11M 


,u-.wtu; 

0 0770 

8 

6 


1 12 

288042 

2 1420 

223 

7 


35K 

281)772 

0-6830 

61 

H 


6-;«) 

3015170 

0 7514 

78 

9 

3'4 

I oo 

3011120 

I *722 

132 

10 

3-6 

M2 

33 0030 

31*672 

413 


5. Alternate Wet and Dry Tests. 


Those experiments were carried out in a large iron ther¬ 
mostat, of the dimensions and shape shown in Fig. 2, the metal 


A 



30 cms. 


Fig. 1 
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discs (E, F. &c.) being laid, as before, in a circle llatwise on 
a sheet of paraffin wax. Water entered slowly by tube A, and 
being admitted to tho centre of the apparatus, affected all the 
discs equally. The paraffin disc was perforated by numerous 
small holes, and rested ou a similarly perforated iron disc, to 
euable it to bear the weight of tho steels. When the water 
reached the level B, it was quickly syphoned off automatically 
by Bl, and the level fell to D. It then began to till again. 
In this way the metal discs were exposed to alternate wet 
and dry, the process of tilling the thermostat requiring 
two hours each time. A loosely tilting cover was placed 
on the top to keep out dust, and to maintain darkness 
within, in order to prevent, as before, any irregularity of 
corrosion consequent upon unequal illumination. The results 
obtained after an exposure extending over fifty-two days were 
as follows:— 


Corrosion of SOfls exposal to alternate W«t and Itnj. 


Sircl 

No. 

Nickel 
per Cent 

i 'hrominm 
per Cent 

Original 

Weight. 

Gramme*. 

1 



380536 

* 

... 


38-7170 

3 

3-73 


28 3S7<i 

4 

614 


31-8MO 

6 

26-24 


30 8101 

6 


M2 

38-5846 

7 


3'68 

28 3886 

8 


5 30 

30 8406 

9 

3 4 

111 

298748 

10 

35 

112 

32 7056 


Loss in 
Weight. 
Grammes. 


0 ■37116 
0-2730 
0 Ilf© 
00086 
0-0220 
02512 
00806 
0-0566 
01271 
0-UiM 


Corraaiun 

Factor. 


100 

loo 

43 

36 

8 

1» 

30 

21 

47 

52 


Discussion of the Results. 

In order to facilitate tho discussion of these results, the 
following table lias been drawn up in which the corrosion 
actors o t e steo s as obtained by each method are 
given:— 
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Corrosion Factor* of Nirkel, Chromium, anil Mick’l-Chromium Sta ts. 


Steel 

No. 

Nickel 
pec Cent. 

(_ hromium 
per Cent 

Carrot bn Factor for— 

Tap 

WsUec. 

Sen 

WMk 

Wet and 0 05 per 
Dry. Cent. Acid. 

0*5 per 
Cent. Add, 

1 



100 

100 

100 100 

100 

2 



1UK 

105 

100 98 

250 

a 

372 


S3 

77 

43 85 

55 

4 

GI4 


09 

79 

36 82 

•a 

5 

26'24 


51 

45 

8 54 

8 

0 


1 12 

85 

80 

33 71 


7 


3* 

58 

26 

30 68 

oi 

8 


530 

43 

23 

21 68 

78 

9 

•V4 

10 

77 

82 

47 1 87 

132 

10 

3-5 

1 12 

87 

90 

52 33 

413 


A careful study of the above table reveals a number of highly 
interesting facts. These may lte summarised as follows:— 

1. The corroding media may be divided into two groups, 
namely acid and neutral, and the results obtained are usually 
very different in the two eases. Very dilute acid resembles 
the neutral corroding media in its action. This wo might 
expect, since the so-called neutral media (tap water, sea 
water, &c.) always contain a minute quantity of acids, such 
as carbonic. 

2. Acceleration tests as usually carried out with sulphuric 
acid, yield very misleading results as to the general corrodibility 
of tho metals tested. Thus, for example, the two standard 
steels corroded at almost identical rates when exposed to tap 
water, sea water, wet and dry, and to O'Oo per cent, sulphuric 
acid. But in tho 0 5 per cent, acid the second steel corroded 
some two and a half times as rapidly as the first. Very 
similar discrepancies occur with steels Nos. 0, 9, and 10, the 
last named corroding more than three times os much as 
steel No. 9, although in the other tests the two steels 
behaved similarly, as we should expect from thoir analogous 
compositions. 

These observations are in perfect harmony with those of 
Frazer, 1 who found that whilst samples of basic and acid 
steel of analogous composition corroded at practically identical 

1 Ivmrual of tk* Wat cf Sc at land /ram and Slttl hutituU, 1907, ?oL nr. p. 82. 
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rates under ordinary conditions, yet when exposed to the 
action of dilute sulphuric acid the results were most irregular, 
in one case the acid steel corroding five times as rapidly as 
the basic Bteel. The results of the Corrosion Committee of 
the British Association emphasise the same fact, 1 and C. M. 
Chapman.* working in America, has been led to similar 
conclusions. 

The explanation is not far to seek. Two opposing forces 
are called into play when steel is immorsed in a corroding 
medium, namely:— 

(a) Galvanic activity between the relatively incorrodible 
portions and the easily oxidisable ferrite, the latter functioning 
as the anode and the former as the cathode. The corrosion 
of the ferrite is thus accelerated. Amongst the incorrodible 
materials we must class cementite, in ordinary steel, and in 
the steels studied in this memoir we have the various 
complexes of iron, carbon, nickel, and chromium, all of which 
function cathodically. 

(b) On the other hand those incorrodible materials offer 
a very effective mechanical protection against corrosion by 
preventing the corroding medium from coming into direct 
contact with the ferrite, and thus tend to protect the metal 
from corrosion. 

A moment’s consideration will show, however, that by- 
intensifying the corrosive media, as, for oxample, by the 

employment of sulphuric acid, the two forces mentioned 

above will not be affected to the same dogree, and that tlio 
results obtained will not be the same as thoy would be 

hud the metal been exposed to a less intense action for a 
longer time. Consequently the two methods are not strictly 
analogous. 

The honeycombed appearance of the surfaco of steels Nos. 
2, 6, and 10. was so pronounced as to render doubt impossible 
as to the intensity of the galvanic action which had taken 
place. The fact that no nickel and chromium could be 

detected in the corroding acid shows that these metals were 

i Cktmital Nam. 1911, rot cir. pp. 142. 1»; ** allo crilicism , Kncnd> iHJ 
p. 1M. 

« Paper read before the American Society for Testing Materials. June «8 I9U, 
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constituents of the cathode, and the excessive corrosion of 
these steels makes it clear that the galvanic activity was 
stimulated out of all proportion to the mechanical protection 
afforded by these metals. 

3. From the results with steels Nos. G, 7, and 8, in 0*5 per 
cent. acid, it would appear that there is an optimum concen¬ 
tration of chromium which yields the maximum resistance to 
acid attack, and that if this amount bo exceeded (os in steel 
No. 8) tho steel becomes less permanent. This is thoroughly 
in accordance with the results obtained by Had field, 1 and 
more recently by Monnartz. 1 

4. In noutral corroding media the resistance offered to 
corrosion apparently rises with the percentage of chromium. 
This is particularly the case for salt water, and tho employ¬ 
ment of chromium steels in the construction of ships would 
appear to be fully justified on this ground alone. 

5. Nickel steels appear to be resistant to acid and neutral 
corroding media alike, the resistivity increasing with the per¬ 
centage of nickel. The permanence of the 26 per cent, nickel 
steel towards 0 5 per cent, acid is particularly noteworthy. 

6. The corrosion factor does not appear to be a purely 
additive quantity. Thus, for exnmple, in exposure tests with 
tap water, the corrosion factors of steels Nos. 3 and 6 respec¬ 
tively are 83 and 85. It. might be expected, therefore, that 
since the 3*72 per cent, of nickel and the 1*12 per cent, of 
chromium each separately yield the same protection, by having 
both together in the steel the same result should accrue as by 
either doubling the nickel or tho chromium content alone. 
This, however, is not the cose, as is evident from a considera¬ 
tion of the results obtainod with steels Nos. 4, 7, 9, and 10. 
Similar conclusions are arrived at from the sea water, and other 
tests with the same steels. 

Whilst those results are extremely important they are 
not final. They have only been obtained from experiments 
carried out at room temperature (12° C. to 15° C.), and the 
period of testing has not exceeded sixty-four dnys. The work 
is being continued at different temperatures and with long 

1 Journal af the /row ami Steel I militate, 1892, No. II. p. 92. 

* Metallurgie, 1911, rot viii. pp. 161, 198, 

1912.—i. 


B 


258 NICKEL. CHROMIUM, AND NICKEL-CHROMIUM STEELS. 

period tests, so that the conditions may resemble as closely as 
possible thoso actually experienced under working conditions. 
In conclusion, the authors wish to urge the necessity of deter¬ 
mining the corrosion of iron and steel under conditions closely 
similar to those to which the metal will lie subjected in 
practice, otherwise the results will lie unreliable and lead 
to much confusion. 
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TIIE MECHANISM OF CORROSION. 

By J. NEWTON FRIEND. WALTER WEST, and J. LLOYD BENTLEY 

(Daklinoton). 

One of the main causes of the fascination attaching to the 
study of corrosion is that new phenomena are constantly 
appearing which ennnot be reconciled with our old stereotyped 
theories, and necessitate, therefore, a constant re-adjustuient 
of our ideas. In a recent communication to this Journal' 
a list was drawn up of the moro important factors influencing 
the rate of corrosion of relatively pure iron at ordinary 
temperatures; and attention was drawn to the extreme care 
required in order to carry out two exactly similar experiments 
from which reliable conclusions may be safely drawn. During 
the past year the authors have studied a few of the factors 
requiring consideration, in greater detail. The results obtained 
and embodied in this memoir serve both to corroborate and 
to extend our earlier work. 


1. Thf. Corrosion Zone. 

When a plate of iron is suspended in stationary water, the 
surface of which has free access to the air, the layers of water 
in contact with the metal yield up their dissolved oxygen 
and thereby induce corrosion. Fresh supplies of oxygen 
from the surrounding layers of water now’ diffuse towards 
the metal, and In the course of a few hours on equilibrium 
is set up, the amount of oxygen diffusing towards the metal 
being exactly equal to that absorbed in producing rust. This 
condition is shown in Fig. 1, w’horo ATI is the metal plate, 
and ACDE represents what may be termed the Corrosion Zone, 
the amount of dissolved oxygon in the water gradually 
decreasing as any point on the circumferenco of the zone, 
say E to the metal itself at B, is passed. At all points 


1 Friend, Ciimtgit Sekelankip Aiernmn, 1011. 
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outside the zone, such as F, G, &c., tho amount, of dissolved 
oxygen remains constant. The actual size of this zone must 
depend upon a largo variety of factors, all of which may he 
grouped under two headings, namely:— 

1. The rate at which oxygen can diffuse towards the metal, 
and 

2. The rate at which the metal can absorb the oxygen. 

The former of these factors is influenced by the pressure 

and composition of the air in contact with the surface of the 



water, and also by the solubility of oxygen in the wator _ a 

function of the temperature and purity of the latter. 

As regards the rate of absorption of oxygen by the metal 
itself, tho influence of temperature and light, the composition 
of the metal, its physical condition, and the effect upon it of 
any impurities in the water, have to be considered. Clearly 
the more corrodible the metal, the larger is the corrosion zone, 
other things being equal. When, on the other hand, the 
metal is protected by paint, zinc, or tin. the corrosion zone 
may be negligibly small. 
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Now it follows that unless duo allowance is made for this, 
u serious source of error is liable to creep into experiments 
designed to throw light upon the relative corrodibilities of 
different pieces of metal. 

If AH be suspended in a tank, the side K of the latter must 
not be so near as to come within the corrosion zone as at 
K' or the metal will not corrode at its maximum rate. Once 
beyond this zone, however, it is immaterial how far oft the 
side is, the rato of corrosion of the plate being the same 
whether the side is at K or K". Suppose, now, there arc two 
plates, one say of nickol steel and one ot ordinary carbon 
steel, and it is wished to determine their relative rates of 
corrosion. Assume that tho nickel steel corrodes only half os 
rapidly as the carbon steel. If the corrosion of the latter 
is taken os 100, that of tho former will be 50, and the 
corrosion zone of the carbon steel may be represented by the 
curve AODE, and that of the nickol steel by the broken curve 
AHK. Suppose these plates are suspended in a tank at a 
distance d' from the side (K/). They are then under what 
appear to be precisely similar conditions. In reality such 
is not the case, however, for whilst the nickel steel can 
corrode at its maximum rate because K.' lies without its 
corrosion zone, the carbon steel cannot corrode more than 
about 70 per cent, of its maximum amount since K* lies so 
far within its corrosion zone. Hence the relative corrosions 
as determined in this way would be:— 

Corrosion of carbon steel _ TO _ 100 
Corrosion of nickel steel 50 71 

If, now, we repeat the experiment, suspending the two plates 
at a distance d from the side K, the nickel steel corrodes at 
the same rate as before, but the carbon steel is now ablo to 
corrode at its maximum rate. Tho observed rates of corrosion 
are, in consequence, 100 to 50. 

There can bo no doubt that many of tho curious variations 
obtained by different investigators when conducting experi¬ 
ments of this kind are traceable to some such cause as this. 

In order to gain some idea as to tho magnitude of the 
corrosion zone, some pieces of Kahlbaum’s pure iron foil were 
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cleaned with emery-paper, weighed, and suspended by means 
of glass hooks in earthenware troughs of water at varying 
distances from the sides. The plates measured 3 inches in 
length and 2*5 inches in breadth, and were attached to the 
hooks by paraffin wax (sec Fig. 2), so that the disturbing 
corrosive action of the silica of the glass was removed. After 
nine days the plates were cleaned and weighed, the loss in 
weight being taken as a measure of the corrosion. The 
results were as follows:— 


Distance of 
Plate from Side. 
Incites 

Initial Weight ol 
Plate. 
Grummet. 

Lot* in Wright. 
Grummet 

Corrosion Factor. 

5 

8*4214 

01546 

100 

S 

8*6280 

01674 

102 

2 

8*6264 

0*1840 

87 

1 

8*8886 

0*1260 

82 

0-6 

8 1574 

0 1418 

93 

0 26 

81236 

0*1640 

106 


From the above table it may be gathered that:_ 

1. 1 he maximum corrosion is reached when the plate is 
not less than 3 inches from the side of the trough, that 
observed at 5 inches distanco l>eing the same (within experi¬ 
mental error). 

2. \\ hen the iron is very’ close to tho side the rate of 
corrosion begins to increase abnormally. This came as a 
great surprise, but the next series of experiments showed that 


WAX 


WAX 


L I IPON 
4,| PLATE 


Fic. 2. 

the anomaly was due either to tho silica of the glaze or some 
other corroding material dissolving out of the pores of tho 
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earthenware. In the chemical activity of the apparently 
neutral walls of a containing vessel, therefore, a serious source 
of error may lie. 

In order to avoid this disturbance, a similar series of iron 
plates were suspended, this time iu the centre of the troughs 
and sheets of paraffin wax fixed at varying distances from 
them, as shown in Fig. 2. After ten days of exposure the 
following results were obtained:— 


Distance of 
Plate bom Side. 
Inches. 

Initial Weight erf 
Plate. 
Grammes. 

Loss in Weight. 
Grammes. 

Corrosion Factor. 

10 

8 6041 

0-1585 

100 

A 

8-0067 

0 1566 

Si 

8*6 

7 8715 

0-1334 

HI 

t-2 

8-5880 

01302 

M2 

OS 

8 4915 

0*1247 

70 


Evidently, therefore, the closer the metal is suspended in 
still water to the side of the containing vessel, the less is it 
able to eorrode. 

These experiments were now repeated, using two plates of 
paraffin wax in each case, the plate of iron being suspended 
midway between them. After nineteen days the plates were 
cleaned and weighed with the following results: — 


(Area or plate =6 x 6 emtimetres. 
Length of plate =/=G centimetre*.} 


Distance of Plate 
from Sides. 

Initial Weight 
of Plate- 
Gramme*. 

Lon m 
Weight. 
Grammes. 

Corrosion 

Factor. 

In Centimetre*. 

In Terms of 
Length of 
Plate. 

12 

V 

011760 

0 1940 1 

100 

12 

V 

01010 

01970 ) 


6 

1 

51*80 

O'15190 

101 

3 

/'3 

51.1530 

0 I7H0 

01 

1U 

114 

0-4219 

0-1437 

73 

0-75 

m 

0-2782 

OH770 

40 


From this it is ovident that the plates under the particular 
conditions of the experiments should not be suspended nearer 
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than a distance measured by their length l, if the m axim um 
oorrosion is to l>e obtained. This, of course, assumes that the 
sides of the vessel are chemically inert. 

If, now, the inert parulhn sheet is replaced by a second 
metal plate of similar corrosive properties, it will bo evident 
that twice the above distance must be left between tho two if 
maximul corrosions are to be obtained in either case. This 
was confirmed in part by suspending two plates of iron in each 
trough at varying distances from one another, and determining 
their loss in weight after seven days. Tho plates were 2 5 
inches square, and were suspended in a similar manner to the 
preceding. The results were as follows:_ 


Distance of 
Plates from 
each other. 
Inches. 

Initial Weight 
of Plates. 
Oramma. 

Loss in Weight. 
Grammes. 

Mean Lass. 
Grammes. 

Corrosion 

Factor. 

Single Plate • 

70130 

•>0741 1 
00763 f 

00753 


Single Plate ' 

71*370 

100 

• 

( 6*9008 

1 0*4008 

00700 1 
00713 J 

00708 

1M 

3 

1 6 1701 

1 6 S(>33 

00606 i 
OOW8 ( 

006X1 

81 

X 

1 #*4428 

1 6-3853 

00600 I 
00630 ( 

00610 

81 

1 

1 6-808K 

t 6*8744 

0*06.10 i 

0 065(1 f 

00645 

85 


irurn this table it is clear that whore the plates were 
suspended at a distance of 1*6 times their length apart, 
the maximum corrosion is not attained. Evidently therefore 
in order to obtain trustworthy results for tho relative corro¬ 
sions of various irons and steels by immersion in still liquids 
in troughs, the plates must be suspended considerably further 
apart than hat> hitherto been customary. With painted 
galvanised, and tinned plates, of course'the case is quite 
different, for, owing to the slow rate of corrosion, the corrosion 
zone is correspondingly reduced and tho plates may be much 
nearer together. In moving water, likewise, the plates may 


^ ^ P £” r”, >e, *™ e ,rOU *'”- Uw auihon did no. 

a sufficient number of larger trough, which would euuhL them to plTcc two 

pu !“ “ « inches without incurrbg^kS 

interference bom the sides of the vessel “ 1 
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be nearer, but in both of these coses it is better not to 
have them too close together, or films of dust may spread 
from plate to plate and thus galvanically connect them and 
induce Berious corrosion. This was probably the case with 
the last two plates, at half an inch distance, as given in the 
above table, and which show a marked and unequal increase 
in their corrosion. 

In the above experiments the troughs were kept in the 
dark during the periods of exposing the plates, in order to 
prevent the disturbing influences of unequnl illumination. In 
actual practice the influence exerted by suspending two plates 
close together would be even greater than that indicated in 
the above experiments, since one plate would cast a shadow 
on the other and thus withdraw from it the stimulating action 
of light. The isolated plates, on the other hand, would suffer 
no retardation in this way. 


2 . The Mechanism of Corrosion. 

When layers of rust arc analysed, they are frequently found 
to contain at least traces of ferrous iron. 1 This is quite in 
harmony with the acid theory of corrosion, according to which 
the first stage in the corrosion of iron consists in the forma¬ 
tion of a ferrous salt, which later undergoes oxidation to the 
ferrio condition, yielding hydrated ferric oxide or rust. 

The numerous analyses of rust usually tcacli us but little 
beyond this, however, inasmuch as tlio exact conditions 
under which the various samples of metal rusted were un¬ 
known. It occurred to us that, if we allowed pure iron to 
rust under a series of well-defined conditions, and then 
analysed the rust produced, fresh light might be thrown upon 
some of the hitherto obscuro problems. To this end Kahl- 
baum’s pure iron foil was always employed, as its composi¬ 
tion has been proved by repeated trials to be most uniform, 
and hence to be particularly suitable for the purpose in 
hand. 

1 Calmt, Chemical Aran. 1871. »ol. xxiii., p. 98. Weinwurtn, Chemiher Zeitumf, 
1898, voL xrii., p, 10L Tildcn. Transactions of tie Chemical Society. 1UUB. voL xciii., 
p. 1358. Steel, Journal of the Society of Chemical Industry, 1910, »ot xxix., p. I III, Ac. 
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The Influence of Light.— -Attention has already been drawn 
in previous papers 1 2 to Lho fact that light greatly accelerates 
the rate of corrosion of iron. An engineer criticised this state¬ 
ment shortly after publication, stating it to be contrary to 
experience, instancing an iron bridge, the under and shaded 
portions of which were more corroded than the upper ones. 
This illustrates the difficulty experienced by practical men of 
realising how essential it is that conditions shall be exactly 
comparable before trustworthy conclusions may bo drawn. By 
shutting out the light in the above case, the free access of 
fresh, warm, and dry air was also cut off, so that the under 
portion of the bridge was always moist, whereas the upper and 
exposed places were usually dry. Clearly the effect of constant 
moisture must for outweigh the purely stimulating action of 
light, since a dry surface cannot rust. 

The question which now arises is: How docs the light 
nccolerate corrosion I This it may do in one or both of two 
ways:— 

1. By accelerating the initial stage of corrosion, namoly, tho 
oxidation of the metal to the ferrous condition 

.Reaction 1. 

2. By accelerating the second stage of corrosion, namely, 
tho oxidation of the ferrous iron to ferric ( rust) 

.Reaction 2. 

Solutions of ferrous sulphate, slightly acidified with dilute 
sulphuric acid, were placed in similarly shaped glass bottles, 
some of which were transparent, others being rendered opaque 
by a thick coating of paint on tho outside. These were kept 
at a uniform temperature in a glass water-bath and exposed 
to diffused sunlight. After varying intervals of time, portions 
of the solutions were removed and the relativo proportions 
of ferrous and ferric iron determined by titration with bichro¬ 
mate. At, the beginning of the tests thero was no ferric iron 
present, hence tho figures in the third column of tho table 
give the relative rates of oxidation of the ferrous sulphate in 
the light and dark respectively:— 


1 See Friend, /«. «'/. 
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Length of 

Ferric Iron 

No. 

Condition. 

Esposurc 

(Days). 

ns per Cent, 
of Total Iron. 

1 

) Light 

1 Dark 

15 

144 

15 

13.0 


i Light 
i Dark 


MU 


44 

21 4 


j Light 
| Dark 

r.s 

24 4 


53 

'-'1-6 


I Light 
l Dark 

71 

39 3 


71 

34 O 


1 Light 

71 

30 3 


1 Dark 

71 

MU 


Clearly the light stimulates the oxidation of ferrous iron 
to the ferric condition—but only relatively slightly. Whilst, 
therefore, during ordinary corrosion of iron tho light un¬ 
doubtedly stimulates Reaction 2 (above), it would seem that 
this acceleration is too small to wholly account for the in¬ 
creased corrosion actually observed. Probably, therefore, light 
also accelerates Reaction 1, namely, the oxidation of the metal 
to the ferrous condition. In order to test this, plates of iron 
measuring 4 by 6 centimetres in area were exposed in beakers 
of water in such a manner that their four corners rested in 
contact with the sides and bottom of the beakors. Each 
lieaker held one plate and 100 cubic centimetres of distilled 
water. Four of these. Nos. 1 to 4, were placed in the light, 
and an equal number (Nos. 5 to 8) in a dark cupboard. Each 
week one beaker was taken from the light and dark respec¬ 
tively, the loss in woight of iron and the amounts of ferrous 
and ferric oxide produced being quantitatively determined. 
The results are given in the following table, the weights of 
iron boing expressed as grammes:— 


No. 

Condition. 

Time. 

Days. 

Initial Weight 
of Plate. 

Weight of 
Ferrous Iron. 

Total Loss 
in Weight. 

Percentage 
of Ferrous 
Iron. 

1 

Light 

8 

3 4991 

nil 

09326 

nil 

5 

Dark 

8 

4 1144 

nil 

09270 

ml 

2 

Light 

15 

3 9894 

noon 

0 0641 

1U 

s 

Dark 

15 

3Ulti2 

tract* 

09521 

trace 

3 

Light 

33 

4-2014 

0-0101 

01029 

9U 


Dark 

23 

3 9014 

01*111 

09709 

1-5 

4 

Light 

29 

4 1522 

n-0178 

0T278 

130 

8 

l»ork 

29 

suns 

nil 

0-0800 

ml 
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From the above it may be gathered:— 

1. That the plates exposed to the light rtistud more rapidly 
than those in the dark—confirming earlier work. 

2. An appreciable amount of ferrous oxide is produced on 
prolonged exposure to daylight. 

3. No appreciable quantities of ferrous oxide are produced 
in the dark—under the particular conditions of the experi¬ 
ment. 

Evidently, therefore, light not only accelerates the oxidation 
of ferrous iron to ferric, as has been seen, but it has a more 
pronounced accelerating influence on the initial oxidation of 
metallio iron (Reaction 2, above), so that the formation of 
ferrous oxide outstrips that of ferric. In the dork, however, 
the two reactions apparently proceed at practically the same 
rate, so that the ferrous oxide is oxidised to rust as rapidly as 
it is formed. 

As time goes on the accumulation of rust and ferrous 
oxide becomes so thick that light cannot easily penetrate, 
and the corrosion proceeds as if the metal were in the dark. 
Hence the reaction slows up, and the percentage of ferrous 
iron in the rust begins to fall. This accounts for the rela¬ 
tively small quantities of ferrous iron found in thick rust 
deposits, even when metallic iron still remains. When all 
the iron has been oxidised, of course the ferrous oxide slowly 
follows suit, until even the last traces may bo oxidised. 

There can be little doubt that numerous other factors, such 
as galvanic action, temperature, and nature of the corroding 
medium, will affect the relative proportions of ferrous and ferric 
oxide produced during the corrosion of iron. Experiments 
are now in progress with a view to determining the respective 
values of each of these factors, and the authors hope to 
communicate the results in a later memoir. 

The authors have pleasure in acknowledging the receipt of 
a grant from the Chemical Society, London, which is enabling 
them to carry out these investigations. 
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DISCUSSION. 

Professor H. K. ArmstroSO (London), referring to Hr. Frieud’s 
paper, said he was not at all satisfied that light promoted ru8t, 
although there had been an increase of rust in the authors’ experi¬ 
ments. Theoretically the action of light might conceivably affect it, 
but ho was inclined to think thnt the effect produced in the ease of 
those experiments was due to differences of temperature rather than 
to other causes. 
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THE INFLUENCE OF CARBON ON THE 
CORRODIBILITY OF IRON 

Ht C. CHAPPELL. ILMet. (Hons.), SHErnrin 
INTRODUCTION. 

During the past few years the subject of the corrosion of 
iron and steel has been receiving a woll merited and rapidly 
increasing attention. Despite this fact, howevor, it is often 
difficult to obtain reliable information as to the specific influ¬ 
ence exerted upon the corrosion of these metals by varying 
proportions of alloying elements. Especially is this the case 
wit h regard to the influence of increasing percentages of 
carbon on tho corrodibility of iron. In view, therefore, of the 
prime importance of carbon in the metallurgy of steel, investi¬ 
gations have been earned out to ascertain the nature and 
extent of this influence. 

Two main elements of uncertainty enter more or less into 
practically all the experimental results that are available in 
connection with this question—the lack of chemical purity 
in the steels employed, and tho negligence of precautions to 
ensure that the steels shall l>e in a uniform condition of treat¬ 
ment before testing. 

Special attention lias been paid to these two features 
throughout the present paper, which will therefore constitute 
a basis from which the influence of other elements upon the 
corrodibility of steel may subsequently be individually and 
accurately determined. 


General Scheme of Investigation. 

A series of practically pure iron-carlsm sioels has boon 
prepared. Suitable bars of each steel have been subjected 
to typical heat treatments, and their relative corrodibilities 
and other properties have been investigated in each of these 
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various states of heat treatment. By these moans, not only 
has the influence exerted on these properties by variations in 
carbon percentage been determined, but also the influence of 
variations in the chemical and physical condition in which 
the carbon exists in these alloys, within the range of com¬ 
mercial treatments. 

Microscopic investigations into the modus ojxraudi of the 
corrosion of iron-carbon Bteels havo also been made, and have 
been productive of much interesting and important evidence, 
despite the considerable difficulty of examining corroded sur¬ 
faces at high magnifications. 


Production and Composition of the Stf.f.i.s. 

Tho steels were all manufactured by tho coke crucible 
process in the Metallurgical Department of tho University 
of Sheffield. Six ingots were made, ranging from 3ti lb. to 
40 lb. in weight. The carbon contents ranged from 0*10 per 
cent, to 0 90 per cent. The materials employod throughout 
the series were Swedish bar-iron and charcoal. This method 
has previously proved itself by far the most satisfactory one 
for the production of iron-carbon steels of a high degree of 
purity. “ Killing” was effected by aluminium in every case, 
and all the Bteels gave sound ingots. 

The chemical analysis of the steels is given in Table I., 
together with tho distinguishing number employed through¬ 
out the research for each steel. 

It will l>o observed that in no caso do the total impurities 
exceed 0 28 per cent. 


Tabus I .—Anahjrit of Steeh. 


Sled. 

No. 

Cart mo. 

Silicon. 

Manganese. 

Sulphur, 

Phnsptutf-us. 

Aluminium. 


Prr Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent 

I 

010 

O-Oll* 

0-091 

0080 

Ooll 

0112 

2 

0-24 

0-087 

007-2 

0-028 

0D15 

... 

3 

0 30 

01*30 

0 01*4 

0 021 

0-012 

fl’iis 

4 

0® 

0-063 

0 100 

0 020 

0017 

5 

um 

01*43 

0 ICW 

OIKSt 

001(5 

• t* 

B 

Old 

0-018 

0-133 

0K27 

0014 

0-02 
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Treatment of Steels. 

Each ingot was rolled down so as to give about 4 feet of 
f-inch round bar. and the remainder taken down to f inch 
diameter. The treatments employed are briefly described in 
Table II., together with the letters used to denoto the 
respective treatments. 


Table IT. — Treatment * and Charaeierieiir Mark *. 


Treatment. Mark. 

Rolled. R. 

Normalised at U00° C, cooled in air . . . . . N. 

Annealed at DfiC C. (or 20 hours, verjr slowly cooled in furnace . A. 

Quenched from 800° C. in water.C. 

Quenched from 800° C,, tempered at MO" C. . . . . D. 

Quenched from 800 = C., tempered at 000" C.E. 


Details of Treatments. 

Moiled. — Test-bars were turned from the f-inch round bnrs 
as received from the mill. 

Normalising .—This was carried out in a large gas muffle on 
the |-inch size bars. These were put in at 800° C.; the tem¬ 
perature of the muffle fell to about 600° C., and was then 
gradually raised to 900° C. The bars were removed after 
twenty minutes at this temperature, and allowed to cool 
in air. 

Annealing .—This treatment was carried out in a coal-firod 
annealing furnace according to the details given in Table II. 
The J-inch round bars wore employed for this treatment, so 
that the decarburised skin could bo completely machined off 
in the lathe in preparing the test-pieces, and its influence thus 
eliminated from the subsequent tests. 

Quenrhing. The bars were heated in a Bruyshaw salt-bath 
furnace to 800° C., allowed to remain at that temperature for 
fifteen minutes, and then rapidly quenched out in water 
at 15‘C. 

Trmjn-ring . — The quenched bars were heated up to the 
required temperature in a load bath, maintained at that 
temperature for ten minutes, and then cooled in air. 

It must be noted that in both the quenched and tempered 
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series the test-pieces were machined to slightly over the 
finished size before treatment. Any influence possibly exerted 
by the molten salt on the surface of the bar was subsequently 
obviated by the entire removal of the surface in reducing to 
the required finished size. 


Corrosion Tests. 

Method of Experiment. 

Test-bars, 4| inches long by $ inch diameter, were prepared 
from each steel in all states of treatment. Each bar was 
drilled at a distance of J inch from one end, with a hole, & inch 
in diametor, for suspension purposes. The suspension was 
effected by means of thin glass hooks passing through the 
centre of the corks closing the jars, its shown in Fig. 1. 
Separate jars were used for each test-piece, 
and free access by the air to the interior of 
the jar was carefully ensured in each case. 

The test-bars themselves were polished in 
the lathe to a uniformly high dogree of polish . 
with fine emery paper. 

The importance of having the specimens as 
nearly uniformly polished as possible is con¬ 
siderable, and must be insisted upon in com¬ 
parative corrosion testing. The author has 
frequently found, during the microscopic 
examination of corroded surfaces, that the 
finest scratches from the polisliing-biook are 
often productive of more vigorous corrosion ] _ Methodo( 
than occurs in any other portion of the speci- su.pension. 
men, even after several months' immersion 
in sea water. So that uniformity of polish, as the nearest 
practicable ideal, should receive careful attention in experi¬ 
mental corrosion research. 

After polishing, the bars wore accurately weighed, immersed 
in pure ether for at least an hour to remove all grease, dried 
in a vacuum desiccator, and then suspended in 700 cubic 
centimetres of filtered sea water, as shown in Fig. 1. 

1912.—L 



s 
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This sea water was obtained from tho Irish Sea, and its 
analysis is given in Table III. 

The room in which the tests were carried out was well 
lighted, but situated so that no direct sunlight entered it. 
Variations in temperature were largely atmospheric, sis the 
room was not artificially heated. 

Tablk HI.— Analytis of Son Water Employed. 

Specific gravity at IT C.. 10340. 

1000 parts by weight of sea water contain :— 

Parts by Weight. 


Sodium chloride . . . . . 37-20 

Magnesium chloride ..... 3-95 

Magnesium sulphate ..... 1-84 

Calcium sulphate . ] 20 

Potassium chloride.0*77 

Calcium carbonate . o il 


After 91 days’ immersion, the bars were taken out, well 
washed, cleaned with chamois leather until all adherent 
deposits were removed, dried thoroughly, and weighed again. 
The bars wore then re-immersed in the same jars and sea water 
as before, for a further period of 75 days, cleaned thoroughly 
again, and re-weighed. 

The results obtained are given in Table IV., and are set 
out in graphical form in Figs. 2 and 3. The upper and lower 
set of curves in each case are respectively those obtained after 
166 days’ and 91 days’ immersion. 

It will be convenient to consider these results in three main 
groups, as indicating the influence—(a) of carbon, ( b) of treat¬ 
ment. and (c) of time, respectively, upon the corrodibility of 
these steels in sea water. 

(a) Influence of Carlton. 

A comparison of Figs. 2 and 3 shows clearly that the 
influence exerted by increasing percentages of carbon upon 
tho corrodibility of iron is of two distinct types, dependent 
upon the treatment employed. 

In the normal\md, rolled, and annealed steels, where the cool¬ 
ing through the critical ranges during treatment has been 
sufficiently slow to produce well-defined pearlite, the corrodi¬ 
bilities tond to rise with increase of carbon up to 0-81 per cent. 
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carbon, but, without exception, fall again on reaching 0*96 per 
cent, carbon. This points very strongly to the conclusion that 
the corrodibility rises to a maximum at saturation point (0'89 
per cent, carbon), aud begins to fall on the appearance of free 
ceuientito in the steel. Other evidence, given later, also 
supports this conclusion. 

Table TV. —Sea Water Common /iemu/tn. 


Treatment 

Sleel 
N o. 

Carbon 

per 

Cent. 

Weight 

before 

Immersion 

in 

Gram roes. 

Weight 
after 
!»1 Uap’ 
Immersion 
in 

Grammes. 

Loss in 
Weight 
after 91 
Days’ Im¬ 
mersion. 
I’rr Cent. 

Weight 

nfxer 

166 Dm’ 
limner* loti 
in 

Gru mines. 

1 ,IV44 | 

in Weig ht 
after 160 
Days’ Ini- 
mrrsiun. 
Per Cen t. 


1 

010 

63 KOI 18 

B3 5TOO 

0-300 

68-9239 

0*762 

1 

2 

*•■24 

04-5862 

04*9112 

0-424 

64*0067 

0*803 

Anneals*! I 

3 

0*80 

03 8264 

63-500* 

0-41*1 

63*3160 

0 801 

(A). I 

4 

O'M 

*13-0710 

03 4004 

U-421 

03 1314 

0'848 


ft 

OKI 

03-5250 

63-2300 

0-481 

*12*9278 

0K41 

\ 

6 

090 

I3-S870 

63-5926 

0-461 

63*9240 

0-881 


1 

010 

03-7700 

03-5*168 

0-424 

63-2750 

0-786 


2 

024 

113-38*18 

*131120 

0-433 

62-8724 

0KI2 

Normalised 

3 

0-*i 

B4-5350 

04*2546 

043T. 

64-0012 

0-827 

<N). 

4 

0*56 

03-5529 

63*2248 

0-515 

62 933** 

0*974 


5 

081 

64-0190 

63-6424 

0-588 

63-3224 

11188 


S 

ODD 

04 4842 

04 1544 

0-513 

03 8120 

1 012 


1 

010 

04-5524 

042950 

0 399 

041*728 

0*743 


2 

0-24 

64-3982 

04-1500 

0 385 

03 91(8) 

0*08 

Rolled 1 

3 

0.30 

64-5544 

04-3122 

0375 

04 007*1 

0*771 

<R>. i 

4 

0-55 

10-0150 

03-3234 

0 458 

631KIOO 

OK72 


S 

0-81 

010*197 

03-7442 

0508 

*13 4670 

0955 

l 

0 

one 

04-2130 

fiSDOOO 

0'456 

*130457 

*>808 

/ 

1 

010 

64*1459 

rut -shoo 

0-413 

03-0634 

0*771 


2 

0-21 

05 1908 

04'84UO 

0 543 

64-5008 

01*81 

tluencbeil 1 

3 

0-30 

B5-0S68 

641489& 

0-594 

64-9835 

1O10 

(C). I 

4 

0-56 

*152292 

01-8*114 

0-564 

04 52-12 

1 088 


5 

OKI 

05*2700 

04 K765 

0-009 

64-5400 

1124 

v 

0 

0-9B 

05 5860 

B6-1800 

0017 

*14*8552 

1*119 


1 

010 

Ii4fi*194 

64-2920 

0-937 

040610 

01199 


2 

0-24 

04*5400 

64-2920 

0 384 

64-0244 

0-803 

Trmpered 1 

3 

O'.30 

65 1546 

04 "8440 

0 477 

04-52S6 

0 971 

uh. | 

4 

0-85 

64*6988 

64*3364 

0.100 

04-0112 

11*07 


5 

OKI 

65*1828 

04-7130 

0-568 

64*140 

till 


0 

0-96 

04 K88II 

WR042 

0 591 

<M 1238 

1184 


l 

010 

*0*9120 

*21-0589 

0391 

63*4299 

0-754 


2 

0 24 

64*8710 

04-6128 

0-998 

64-3796 

0 757 

' Tempered 1 

3 

0-30 

64-7970 

64-5073 

0-447 

64-2745 

0-806 

Kl. 1 

4 

0 55 

061*28 

64*7286 

0 544 

64*4960 

0KO3 


5 

OKI 

65-832*1 

*15'4578 

0-008 

65 2200 

0 930 


B 

0*9B 

6*1-0814 

65 7**49 

_ 

0 57U 

65*4600 

0 95*1 
























loss in weight per cent 
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The ratio of the increase of corrodibility to the carbon per¬ 
centage is more satisfactorily shown in the 166 days’ immersion 



*■—Results of Corrosion Tests on Carbon Steels. 

results than in those taken over the shorter period. From the 
upper set of curves shown in Fig. 2. it is seen that the increase 
in corrodibility after 166 days' immersion is continuous with 


























THE CORRODIBILITY OF IRON. 


277 


the rise of carbon from 0*10 per cent to 0*81 per cent, in the 
case of all threo treatments considered. 



In the normalised and rolled steels this increase is less rapid 
in the low-carbon range, from 0*10 per cent, to about 0*30 por 
cent, carbon, than in the higher range up to the saturation 
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point. Ibis feature in noticeable in the 91 days’, as well as in 
tho 166 days’ immersion results. 

The small influence exerted by carbon in the low percentage 
range, probably accounts for the inconclusiveness of many of the 
relative corrodibility results obtained during the wrought iron 
versus mild steel contest. The greater quantity of slag and 
other impurities in the wrought iron may easily set up more 
than sufficient galvanic action 1 to counteract the decrease in 
corrodibility due to lower carbon contents. 

The annealed specimens arc somewhat loss regular in their 
Jwhaviour with rise of carbon up to the saturation point, than 
is tho caso with the rolled and normalised steels, although this 
irregularity diminishes with more prolonged immersion. The 
preseuco of massive cementito in Nos. 1 (A) and 2 (A), and to a 
Blight extent in No. 3 (A), due to the Fe s C lamina; of the pearlite 
partially coalescing together in the process of annealing, may be 
largoly tho cause of the apparently irregular behaviour of these 
low-carbon annealed steels. 

With regard to the decrease in corrodibility observed with 
rise of carbon from 0 81 por cent, to 0 9 6 per cent., interesting 
confirmation has been obtained from experiments carried out on 
a series of iron-carbon steels containing 3 per cent, of tungsten. 
These steels were kindly supplied by Mr. T. Swinden, B.Met., to 
whom the author wishes to express his indebtedness. 

The analysis of the steels composing this series will be found 
in Table V., and are taken from Mr. Swinden’s paper* on 
“ Carbon-Tungsten Steels," where furthor information regarding 
their microsoopic and othor features mny be found. 


Table V.— Analyst of Carbon-Tun;jttm 


I Mark. 

Carbon 
per Coot. 

Tunnteu 
per Cent. 

Silicon 
[>er Cent. 

Mang.tnnc 

per Cent. 

Sulphur 
per Cent. 

Phosphorus 
per Cent 

Aluminium 
per Cent, i 

924 

m 

921 

930 

965 

964 

014 

0*22 

0*48 

0-67 

089 

1-07 

3-25 

3N 

311 

317 

30* 

309 

0-044 

ooeo 

0060 

0-07H 

0-089 

II up* 

O 065 
0-071 
0075 
0()MO 
0«»3 

0 <6.5 

0-055 

0360 

0*050 

0054 

0040 

0-042 

0010 

0010 

ooto 

0010 

0-012 

0012 

0-011 

0014 


j. m. tn* grvm ana ZnstitnU, ]0H f 

• Journal tf lit trvn c*J Slttl tmOUrntt, 1907, No. L p. 291. 
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The corrodibility tests were carried out under exactly the 
same conditions as those previously described, the only devia¬ 
tion being in the case of steel No. 965, where the test-liar was 
only 3 J inches long instead of the standard length (4§ inches). 
The results, after 91 days’ immersion, are given in Table VI. 

Table VI . — Sea Water Common Itreult* on Carbon-Tungettn Steele. 


Maik. 

Carbon 
pe- CenL 

Tungsten 
per Cent. 

Weight before 
Immersion 

In Grammes. 

Weight afte* 

91 Day*' 
Immei&iiia 
in Grammes. 

Loss In Weight. 
Per Cent 

924 

0*14 

825 

65-34119 

65*1316 

0*308 

922 

022 

3 24 

65*3196 

651)726 

0 378 

921 

0*4* 

8*11 

65-6550 

65 :VAK) 

0*44«5 

929 

0*57 

317 

64 3380 

6411746 

0*412 

965 

0*9 

80S 

4802*0 

47*7780 

0*530 

9414 

1*07 

3 09 

63 "7820 

63 54/70 

0*433 


These results, which are graphically shown in Fig. 4, ontirely 
corroborate those obtained with the iron-oarbon steels. The 



corrodibility steadily risos to a maximum at 0*89 per cent, 
carbon, which is practically the saturation point in this series 
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of steels (lor. ci/.y. The appearance of free cem entile again 
produces a marked decrease. 

Comparison with tko values given by the rolled steels in tho 
iron-carbon senes, shows that the influence exerted by the 3 per 
cent, of tungsten present in these stools is very small, and is 
cjuite insufficient to warrant any definite conclusions as to the 
influence of tungsten on the corrodibility of steel. 

The quenched and tempered steels of the iron-carbon series 
show a continuous rise in corrodibility, with increase of car Ion 
throughout the whole range investigated. No indications of a 
maximum corrodibility ut the saturation point are found, as in 
the previously described instances. 

The proftortional increase in corrodibility is very rapid in 
the range from 0-10 per cent, to approximately 0 40 per cent, 
carbon, but beyond this point the rate of increase relative to 
tho rise in carbon percentage becomes very small. The increase 
in this latter range is remarkably constant. The dissimilarity 
between these two ranges is probably due to incompleteness of 
the hardonite-ferrite solution in the low carbon steels under 
the conditions of quenching which were adoptod. 

The liehaviour of these steels in the higher carbon range 
shows clearly that variations in carbon exert much leas 
influence when the carbide is evenly distributed throughout 
tho steel—either in solution or in the emulsified form—than 
when it is present in the more concentrated normal pearlite 
form. 1 


(b) Influence of Treatment. 

The influence of-treatment is almost as important as that 
of carbon percentage. On the whole, annealing renders the 
steel most resistant to corrosion in sea wator, whilst quenching 
causes it to corrode most rapidly. Normalising decidedly in¬ 
creases the corrodibility of the steels as rolled in this series. 
The extent to which this may prove to be a general rule must 
necessarily be open to modification, and possibly to exceptions, 
in view of the variations in these treatments in practice Tho 
influence of tempering appears to be considerably influenced by 
the temperature at which the tempering is carried out In the 
case of treatment D (tempered at 400° C.). the corrodibility is 
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but slightly less than that of the quenched steels, and generally 
higher than any of the pearlitic steels. On increasing the 
tempering temperature to 500° C., as in treatment E, the 
corrodibility is reduced in all except the very low carbon 
steels. This decreased corrodibility, with rise in tempering 
temperature, is comparatively slight as measured after 91 
days' immersion, but after longer immersion becomes very 
pronounced. 

The inHuence exerted by treatment upon corrodibility may 
be the result of changes produced in the physical or chemical 
condition of the carbide, and also in the physical condition of 
the steel as a whole. The information available regarding 
the factors involved in the corrosion of steel is not yet suffi¬ 
ciently detailed for absolute certainty, but it is nevertheless 
probable that the main factors determining the corrodibility 
of pearlitic steels, and which may be influenced by treatment, 
are as follows:— 

(«) The difference of electrical potential between the pearlite 
and the ferrite or cementite. 

(1) The difference of electrical potential between the Fe s C 
and the ferrite in the pearlite itself. 

(e) The state of division of the Fe„C in the pearlite. 

( d ) The differences of potential existing between various 
parts of the steel due to variations of internal stress. 

Accurate differentiation of the relative importance of these 
factora in determining the sum total of the influence exerted 
by a given treatment is obviously difficult, as the same treat¬ 
ment may not necessarily influence all the factors similarly, 
so far as their influence upon corrodibility is concerned. 
With a view, however, to obtaining some evidence upon this 
point if possible, determinations of the electro-jiotentials of 
steels Nos. 1 and 5 in all states of treatment have been made, 
after several weeks’ immersion in sea water. The method em¬ 
ployed in these determinations has been to combine the steel- 
sea water element with a calomel electrode of known constant 
electro-potential. The electromotive force of the combination 
is then measured by comparison with that of a standard 
cadmium celL The comparison is carried out by a modifica¬ 
tion of Poggendorfs compensation method, a capillary electro- 
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meter being employed to determine the point of balance 
between the two electromotive forces. 

The values obtained may be taken as being at any rate 
roughly indicative of the relative electro-potentials of the 
ferrite and pearlite constituents respectively, in the various 
states of treatment; and also, but to a less extent, of the 
difference ol potential between the components of the pearlite 
itself. The results, together with the corresponding differ¬ 
ences of potential in each case, are given in Table VIL, and 
ore arranged in the ascending ordor of the differences of 
potential. 


Table VIL— Elrctro-poten/ial» in Sea Water, <jr. 


Tre.it- 

merit. 

Electro-potential in Volin. 

Difference of 
Potential in 
Volts. 

Loss in Weight per Cent, 
after IBB Dajrs Immersion 
in Sea Water. 

Steel No. 5, 
OKI per Cent. 
Carbon. 

Steel No. 1, 
0’10 per Cent. 
Carbon. 

Steel No. 4. 
O-fifi per Cent. 
Carbon. 

Steel No. 6. 
+81 perCent. 
Carbon. 

A 

R 

E 

N 

* 

0-2150 

0-2129 

0-2283 

02234 

02218 

021(10 

02100 

02145 

02USS 

0-2U37 

-0.001# 
+0-0029 
+ 01038 
+0-014(1 
+ 0-0180 

0-847 

0-872 

0903 

0274 

1-007 

o-sm 

0256 

0930 

1088 

1111 


On comparing these differences of potential betwoon the 
constituents w,th the corrodibility values in the corresponding 
states of treatment given by steel No. 4 (see Tabic VTI) in 
which steel both ferrite and pearlite are present in consider¬ 
able quantities, a distmet correlation is seen to exist in the 
influence of treatment upon both values. This agreement is 
only slightly less complete in the case of steel No. 5 failing 
in but one instance (Table VII.X 

It appears therefore, that in unsaturated steels containing 
any appreciable amount of pearlite, say from 0 40 per cent, 
up to 0*89 per cent, carbon, the dominant forces governing 
their corrodibility m sea water are the two factors (a) and (b) 
U the galvanic action between the pearlite and ferrite and 
between the components of the pearlite itself. 
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These two factors are accentuated in tempered steels by 
the emulsified nature of the FcjC, which facilitates galvanic 
action in the pcarlite; ami also by the presence of residual 
quenching stresses, which are likely to be sources of differences 
of electrical potential, and consequently of galvanic action. 
The converse of these supplementary factors operates in the 
annealed steels, where the resolution of the pearlite into the 
laminated variety reduces the number of galvanic couples 
within the pearlite to a minimum. The influence of anneal¬ 
ing in removing stresses also comes into play in reduoing the 
liability to corrosion, although a comparison with the corrodi¬ 
bility values of the rolled bars shows that this influence has 
been very' small iu the case of these steels. The wide varia¬ 
tions in steels “ ns rolled," however, render annealing, never¬ 
theless, a necessary safeguard where resistance to corrosion is 
required. 

Endeavours to ascertain, and differentiate between, the 
forces at work in the corrosion of quenched steels have not 
been productive of sufficiently clear evidence to warrant 
definite statements. Attention may be drawn, however, to 
the remarkable similarity in type which exists between the 
corrodibility curves of the quenched and tempered steels 
(Fig. 3), despite the fundamental difference producod in the 
condition of the carbide by the respective treatments. It 
might Ihj mentioned, in this connection, that the electro¬ 
potential of steel No. 5 after quenching was 0‘2040 volts. It 
will bo seen, by comparison with the values given in Table 
VII. for the same steel in the tempered condition, that a very 
drastic change in potential is involved in the tempering of 
quenched steels. This is so considerable as entirely to pre¬ 
clude any possibility of this similarity observed between the 
corrodibility curves being due to any similarity in the electro¬ 
potentials of the main constituents. The evidence conse¬ 
quently tends, by a process of elimination, to attribute the 
similarity to the feature which is common to both their treat¬ 
ments, that is the physical influence, more or less modified, 
of the quenohing process. On the other .hand, this deduc¬ 
tion derives little or no support from the results given by 
steel No. 1, where the influence of stresses is least complicated 


284 


CHAPPELL : THE INFLUENCE OF CARBON ON 


by the presence of carbon, and which should consequently be 
most productive of corroborative evidenco on this point. 

Moreover, in the range above 0*4 per cent, carbon, in which 
the solution of the carbide may be presumed to have been 
fairly even throughout the steel, the corrodibility curves of 
the quenched ami tempered steels are practically a linear 
function of the carbon contents. The concentration of the 
solution m carbon would therefore appear to exert some in¬ 
fluence, but the small effect producer! by variations in this con¬ 
centration, militate against it being considered a very important 

one. I his question, therefore, is one that requires further 
investigation. 


(C) Influence of Time. 

Comparison between the results, after 91 days and 166 
days immersion respectively, shows that the influence of time 
on the rate of corros,on varies considerably with different steels 
over these periods. The most striking example is that of the 
steels, where the ratio between the rates of increase of cor- 
rosion and of time falls on the average by nearly 10 per cent. 

a i? ^ ° b "L™ ' “ ta “ t0 tho iaflu-nce of time in 
a spcdhe cast* under the conditions of test employed, a series 
of six bars of steel. No. 1 (R) wero 

» , i j y ’’ wero immersed at the same time 

under stimdard conditions, and removed at intervals of 21 days 

plot^n F°ig T “ TaW « VUI ’ “ ld 


Table VIII .—Influence of Time on the Rate of Corrorion. 


ji 

ta 

Carbon 
per Cent. 

21- 

tu¬ 

rn 

S „ 

ill 

til 

£-5 

41 § 

J go 

a 

Je 

M 

> i 
•$. £ 

k 

I s - 

Corrodibility 

Ratio. 

!U 

ill 

1*0 

1 11 

11 

1-3 

1*4 

1-6 

1-8 

1 

010 

010 

010 

010 

010 

010 

o-io 

010 

0 

21 

42 

63 

84 

103 

TOO 

m 

65 3066 

mdtss 

669738 

66-5420 

06-4730 

00 4132 

65 4405 

63 0617 
667350 

66 3000 

66 1767 
65-0619 

0*093 

0 177 

0 267 
0-364 

0 456 
0-863 

100 

190 

287 

392 

400 

604 

US 

208 

234 

234 

224 

232 

228 

338 



























TUE CORRODIBILITY OF IRON. 


285 


In this low-carb<>n steel the corrodibility is practically 
directly proportional to the length of immersion throughout 
the period covered by the test. 

In view of Langmuir's 1 interesting experiments on the 
mechanical deterioration of steels resulting from corrosion, 
the bars employed in this ** influence of time" series were 



Fig. 5.—[nflucr.cc of Tiroeon Rate of Corrosion. 

tested after immersion on Dr. Arnold's alternating stress 
testing machine. The usual standard conditions of test were 
employed. Similar tests were also carried out on the same 
steel before corrosion, and after 106 days' immersion. The 
results, which are included in Table VIII-, show that no 
appreciable change has been produced in the mechanical 
properties of the Bteel within five months' immersion in sea 
water. 

Notest on the Nature of the Deposit* on the Dart. 

The deposits in general consisted, in the first place, of a 
complete outer layer of a light brown colour, which was 
fiocculent, in nature. This was easily removed on washing, 

1 Journal nf the /ran and Sittl ImtituU, 1011, No. L. p. 1-47- 
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and constitutes the usnal “ rust.” Underlying this was invari- 
ably found u layer of darker brown colour, which was less 
flocculont and more adherent, but could usually be removed 
with comparative ease. Beneath this, on the surface of the 
bar itself, was found a thin layer of a very dark bluish-black 
colour. This was usually found in two forms. Sometimes it 
was very loosely adherent, and washed off fairly easily with 
rubbing, together with the dark brown layer mentioned above. 
I he quenched and tempered steels were usually evenly and 
completely covered by a layer of this form, but the steels 
m the other states of treatment were only partially covered 
by this deposit. The other form, which was found in the 
majority of the steels, and usually in addition to the previous 
one, was mainly concentrated at the lower end of the bar 
Where n was very firmly adherent, and involved considerable 
dilhculty in its removal. This bluish-black deposit tends to 
increase with a rise in the carbon percentage, so that it is 
probably largely composed of the carbide residue resulting 
from the disintegration of the surface of the bar. mixed with 
the ferrous hydroxide, which forms the first sta-m in the 
passage of the iron into the ultimate Fc.CL, or ferric state of 


N(ltrs thc Surf acta of the Corroded Bara. 

The normalised, rolled, and annealed bars invariably showed 
a crystalline appearance on examination after the removal of 
the deposits. These markings were especially pronounced in 
the annealed steels, and tended to become finer with rise of 
carbon. 

This type of surface mu, also found in the „„ c „ chwl „,| 
tempered steel, in the esse of stool No. 1 , „„| 

..tout in steels Nos. 2 and 3; hut in the higher chon 
steel, the surf.ee show, su oven, amorphous .pursue., with 
few or no sign, of cryst.lh.uty occurring. This support, the 
explanation proT.ouslysdrenced, accounting for the irregu- 
knty of the corrod.bihty remit, gitten h, the 1,,,-cJbon 
quenched snd tempered stm-Is, on the score of the incomplete¬ 
ness of the hsnlciute-femte solution i„ the™ , u „ |s J„ der 
the conditions of quenching. 
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Microscopic Analysis. 

The microscopic features correspond quite normally to the 
structures demanded in pure iron-carbon steels by the respec¬ 
tive carbon contents of the series. These have In-on previously 
described by Arnold 1 and others, so that detailed description 
may therefore be dispensed with. The main feature is the 
strong tendency to lamination in the pearlite, which is not 
only found in the annealed steels, but to a considerable extent 
in the rolled steels also. The pearlite in the normalised 
steels is mainly of the diffused variety. In the unquenohed 
specimens of the 0'9tl per cent, carbon steel, the free cemen- 
tite is found as specks evenly distributed over the held. 


Microscopic Examination after Corrosion. 

This section of the work has been confined to the normalised, 
rolled, and annealed steels. The ordinary microsections used 
for the microscopic analysis were omployed, and were taken 
from the treated bars before turning down to finished size. 
The edges of each microsection were coated with paraffin wax 
to prevent any mill scale exerting galvanic action on the 
surface which was being examined. The sections were 
polished exactly os for the usual microscopic examination, 
and then subjected to progressively longer immorsions in sea 
water. Thoy were then examined under the microscope, after 
the removal of the oxides by vigorous rubbing on selvyt 
cloth. 

(a) Steels Nos. 1, 2, and 3. Mild Steels. 

These steels are taken together because structural steels ore 
usually found within this carbon range, and it is in connection 
with this class of steels that the question of corrosion becomes 
most important. 

The first feature in the process of corrosion is the appear¬ 
ance of numerous dark spots due to the action of the 
manganese sulphide. After about two hours' immersion the 
corrosion of the pearlite areas becomes faintly visible. This 

1 Mimhfts of PrikteJingi of I kg /mUittttion of Civil Eaftnetti, 1896, voL cxxkii. 
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pearlite action rapidly increases in vigouP, and begins tq 
extend its influence to the immediately, adjacent Ferrite. 
The attack next develops at the boundaries of the ferrite 
crystals, and after forty-eight hours’ immersion this feature 
becomes very marked (Plate XXX.LLI. Fig. 4). So far as can be 
seen, this action along the ferrite boundaries is different from 
tho production of boundary lines by ordinary etching effects, 
and suggests distinct penetration along these ferrite junctions. 
This may account to some extent, at any rate, for the well- 
known deteriorating influence exerted by prolonged corrosion 
upon the mechanical properties of mild steel. With further 
progress of time, selective corrosion of various ferrite crystals 
sets in, some crystals corroding with comparative rapidity, 
whilst others remain quite untouched. This selective action 
is quite irrespective of the influence of the pearlite areas, 
and can be seen commencing even after forty-eight hours’ 
immersion (Plate XXXIII. Fig. 4). Pitting also becomes pro¬ 
nounced in the ferrite after four or five days, especially in 
tho regions surrounding the pearlite areas. This action, 
together with the corrosion of tho pearlite and adjoining 
areas, and tho solective attack in the ferrite portions, con¬ 
tinues, until, after twenty-one days’ immersion, two distinct 
ty r pes of field begin to develop. The main portion consists 
of a dark corroded background, containing the pearlite areas 
and some of the ferrite. Under the microscope this back- . 
ground is confused and generally indistinct in its features, 
with the exception of a crystalline structure which is some¬ 
times evident under tho low-power magnification. An example 
of thiB is seen in part of Plate XXXIV Fig. 1. The remainder 
of the field, varying from about 30 per cent, of the whole 
in the case of the 0‘10 per cent. Carlton steel, to approxi¬ 
mately 10 per cent, in that of the 0-30 per cent, carbon steel, 
consists of fairly bright and comparatively unattacked ferrite 
areas. The pits previously mention**! are much more distinct 
and numerous, and show distinct signs of geometrical form. 
Three, four, and five-sided figures, suggestive of the various 
sections of the cube, are seen distributed over these ferrite 
areas, and can also be observed, although with greater diffi¬ 
culty, in the ferrite portions of the corroded background. 


Plate XXXIII 




FIG. 1.—Steel No. I (N) after 3l> weeks' 
corrosion in sea water, showing rectan¬ 
gular pits. Magnified ihiinteters 
and reduced. 


Fir., i—Steel No, 1 (N i after 2»» weeks' 
corrosion in sea water, showing rectan¬ 
gular pits. Magnified I'X) mameter* 
nnd reduced. 



Fig. X—Steel No. 1 (N) after 3n 
weeks' corrosion in sea water, 
showing non-rectangular pits. 
Magnified 25“ diameters and 


reduced. 



Fig. 4. —Steel No. 2 (A) after 48 hours' 
corrosion in sen water, showing early 
stages of attack. Magnified 200 dia¬ 
meters and reduced. 



Fig. A—Steel No. 5 (N) after 90 weeks' 
currosioo in sea water, showing pits 
due to manganese sulphirle. Magni¬ 
fied 23“ diameters and reduced. 









Plate XXXIV 




Fm. 1. - Steel No. 2 IA| after 3 weeks 
corrosion in sea water, showing de¬ 
carbonised edge. Magnified 7f> dia¬ 
meters and reduced. 


FIG. 2.—l-ow-carbon steel aftrr 3 weeks' 
immersion in sea water, showing effect 
of roaks. Magnified ‘J>0 diameters and 
reduced. 



Fin. 3.—Low-carlion steel after 3 weeks' 
corrosion in sea water, showing effect 
of roak in the interior of the steel. 
Magnified 3si diameters ami reducer!. 



Fin. 4.—Steel No. 1 (A) aftrr 3 weeks 
corrosion in sea water, showing the 
effect of mill scale action. Magnified 
ISO diameters and reduced. 
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The sections were then examined, after twenty weeks’ 
immersion, so as to obtain information regarding the structure, 
after a period of time comparable in length to those employed 
in the corrodibility determinations. The main background, con¬ 
sisting of the most deeply corroded portions, cannot bo resolved 
under the microscope, except in some areas where the pits in 
the ferrite show up more clearly by reason of their sharp geo¬ 
metrical form. The bright ferrite areas remain, but in smaller 
proportion than before, varying from 20 per cent, to 5 per 
cent, of the whole, with rise of carbon from 01 per cent, to 
0’3 per cent, respectively. The proportion of these bright 
ferrite areas is larger in the annealed than in the normalised 
steels. Careful examination further revealed the fact that the 
surface of these bright ferrite areas was at exactly the same 
level as the original surface of the specimen, as represented by 
a few areas which hail been preserved from attack by a cover¬ 
ing of wax accidentally received whilst coating the sides. This 
identity of level was conclusively proved by the two areas 
both being in perfect focus at 400 diameters magnification, with 
the same adjustment of the objective lens. Thus, in very mild 
steels, an appreciable proportion of the ferrite may remain 
completely uncorroded even after very prolonged immersion in 
sea water. 

Intermediate in depth, between the bright ferrite and the 
deeply corroded background, are also found occasional areas of 
partially corroded ferrite, in which the process of attack has 
not proceeded so vigorously as in those areas found in the 
background. 

The pits in the ferrite constitute a most striking feature, on 
account of the extremely sharp development of their geometri¬ 
cal form as a result of the prolonged immersion. On detailed 
examination being made of the shape of these pits, it was 
found that those in the bright ferrite areas were almost ex¬ 
clusively rectangular, and principally square (Plate XXXIII 
Figs. 1 and 2). Indeed, the total number of non-rectangular 
pits was not usually more than ton or fifteen in the whole of 
the bright ferrite areas, whereas a similar number of rectangular 
pits could often be found in a single one of these areas, as shown 
in the photomicrographs. These non-rectangular pits were not 

1912.—L T 
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usually complete, hut an exceptionally well-developed and rare 
oxaniple is shown in Plate XXXLII. Fig. 3. 

The pits in the partially attacked ferrite, which has been 
previously described, were found to contain a very much larger 
proportion of non-rectangular sections than was found in tho 
unattacked ferrite areas ; whilst the pits in the deeply corroded 
ferrite in tho background, showed a considerable preponderance 
of the non-rectangular sections, so far as they could bo clearly 
seen under the microscope. 

The pits in any particular ferrite crystal wore invariably 
identical in shape, and in the directions of their main axes. 
They are evidently controlled, therefore, by the internal struc¬ 
ture of the crystal itself, so that differences in the shape of the 
pits in respective crystals may be taken as indicative of differ¬ 
ences in the relationship existing between the surface exposed 
to attack and tho axes of those ferrite crystals. 

In view of tho previously described variation in the general 
shape of the pits, with increase in corrodibility, it follows that 
the relationship between tho crystallographic axes of a ferrite 
crystal, and the particular surface of it which is exposed to 
attack, is artrris jtarHnu an important factor in determining its 
rate of corrosion. This is quite in accordance with previous 
knowledge regarding the variation of the solution pressure of 
crystal fact's, with their relation to the crystallographic axes, 
but its practical importance as a factor in the corrosion of iron 
and mild steels has not previously been recognised. 

This factor has an important bearing on the corrosion of 
steel castings, where the crystals on the exterior tend to grow 
perpendicular to the surface during solidification. The relation 
of the exposed surface to tho axes of tho respective crystals is 
practically tho samo in every case, so that differences of potential 
due to this factor will bo at a minimum, and the resistance of 
the surface to corrosion will be proportionately greater in con¬ 
sequence. Other reasons have been advanced, in the past, to 
account for the generally observed resistance of castings to 
corrosion, and are probably to some extent correct, but this 
additional phase of tho question is one which must also bo 
kept in inind. 

Concerning the much debated question of the corrosion of 
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pure iron, it may also bo remarked that it is difficult to see how 
oven the purest iron, in tho ordinary form, could bo prevented 
from passing into solution when immersed in a conducting 
liquid. Differences of potential between the ferrite crystals 
themselves are inevitable, in view of the unavoidable varia¬ 
tions in their respective orientations, so that all tho elements 
of galvanic action would consequently exist. The author would 
venture to suggest this new factor as an addition to Dr. Friend’s 
already lengthy list of the " various factors influencing the rate 
of corrosion of relatively pure iron." 1 

(b) Steel* Nos. 4, 5, and 6. 

The large proportion of pearlito in theso steels causes 
corrosion to tako place rapidly. After one or two weeks’ 
immersion, it is practically impossible to distinguish any clear 
features in the larger portion of the section by means of the 
microscope. After twenty weeks’ immersion the general field 
is confused and indistinct, showing tho round pits due to 
manganese sulphide (Plate XXXIII. Fig. 5). Steel No. 4 shows 
ferrite areas containing geometrically shaped pits, but only 
in the case of the annealed steel are any of these ferrite 
areas bright and outstanding. In the annealed specimens of 
steels Nos. 5 and 6, mainly in the lattor, a similar effect is 
also observed in the poarlite, where occasional areas are fouud 
distinctly raised above the general background. 

The effect of thcarburisatwn was markedly shown in the 
microscopic investigations. The decarburised edge of annealed 
steels (Plato XXXIV. Fig. 1) was invariably much less corroded 
than the remainder of the specimen, and usually remained 
comparatively bright. A specimen of a low-carbon steol con¬ 
taining roaks also showed the same effect after corrosion in sea 
water, the fringe of the roak boing but little attacked. Two 
examples are shown (Plate XXXIV. Figs. 2 and 3). Tho de¬ 
carburised surface of onncakd steels would appear, there¬ 
fore, to bo of considerable value in protecting the steel from 
corrosion. 

Tho action of oxide* in tho corrosion of steel affords peculiar 

1 Carnegie Sckolanktf JUtmairt. 1011. voL iii. p. 2. 
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microscopic features. Several microsections, with some mill 
scale still on the edges, were immersed without any wax 
coating on the sides. The resulting effect upon the surface 
adjoining the mill scale was the production of. a large number 
of roughly circular pits, which extended some distance away 
from the mill scale itself (Plate XXXIV. Fig. 4). The pre¬ 
sence of the bluish-black deposit, which has been previously 
described, produces identically the same effect. 

Solubility. 

The solubilities of all the steels have been determined in 
several acids, and also their electro-potentials after forty-eight 
hours’ immersion. Further investigation into the factors 
involved in the solution of steel in acids is intended before 
any detailed communication on the influence of carbon and of 
treatment on solubility is made. It may be stated, however, 
that the absence of correlation between tho corrodibilities of 
the steels and their solubilities in 1 per cent, sulphuric acid 
solution is very marked. The so-called acceleration tests, in 
which the relative solubilities of Htoels in 1 per cent, sulphuric 
acid solution are taken as indicative of their relative corro¬ 
dibilities in neutral solutions, are entirely misleading and 
unreliable. 


SUMMARY'. 

1. Influence of Carlton on Corrodibility. — ( a ) In rolled, 
normalised, and annealed sleds the corrodibility rises with 
carbon contents to a maximum at saturation point (0 89 per 
cent, carbon), anti talln with further increase of carbon beyond 
this point. (6) In quenchod and tempered steels a continuous 
rise in corrodibility occurs, with increase of carbon within the 
range investigated (up to 0 96 per cent, carbon), no maximum 
corrodibility at saturation point being found in these steels. 

2. Influence of Treatment on UcrrrodibUUy. —Quenching in¬ 
creases the corrodibility to a maximum ; annealing tends to 
reduce it to a minimum; whilst normalising gives inter¬ 
mediate values. Tempering reduces the corrodibility of 
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quenched sleek, but the extent of its influence varies con¬ 
siderably with the tempering temperature. 

3. Factors determining Corrodibility .—The electromotive forces 
between the pearlite and ferrite, and between the components 
of the pearlite itself, are the principal factors determining the 
corrodibility of unsaturated pearlitic steels above 0 4 per cent, 
carbon. In mild structural steels, this galvanic action, due to 
difi'erenees of potential between the constituents, is accom¬ 
panied by galvanic action between the ferrite crystals them¬ 
selves. These difi’erenees of electro-potential between the 
ferrite crystals are the result of difi’erenees in their orientation. 
The state of division of the pearlite, and the presence of 
internal stresses in the steel, may also exert a considerable 
modifying influence on the foregoing factors. 

4. The influence of time on the rate of corrosion varies 
with different steels. In a low-carbon steel it is shown to be 
practically directly proportional to the length of immersion. 

5. The influence of corrosion on the resistance offered by a 
low-carbon steel to alternating stress is not appreciable within 
a period of five months' immersion, 

6. Three per cent, of tungsten produces practically no 
change in the corrodibility of carbon steels. 

7. Decarburisation increases the resistance to corrosion. 

8. The two oxides, FeO and Fe 4 0 4 (mill scale), both exert 
a microscopical pitting effect on steel when in contact with it 
in sea water. 

In conclusion, the author would state that the work re¬ 
corded in this paper has been carried out under the auspices 
of the Research Committee appointed by the British Associa¬ 
tion to investigate the influence of elements on the corrodi¬ 
bility of iron. The author wishes to express his indebtedness to 
the other members of the committee—Professor J. O. Arnold 
(chairman). Professor W. P. Wynne, Profossor A. McWilliam, 
and Mr. F. Hodson, for facilities and assistance afforded in 
tho carrying out of the work, and to Dr. W. E. S. Turner 
(secretary), whose kindly counsel and help in many difficulties 
call for an especial tribute of gratitude. The author's best 
thanks are also duo to Mr. J. H. Harrison, for tho great care 
shown in the preparation and treatment of the test-pieces. 
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discussion on chappell’s paper. 


DISCUSSION. 

Plofwwr T. Turner (Birmingham) said it was an interesting fact 
that an increase of carbon up to a certain extent increased the corro¬ 
sion of steel by diluted acids, but that as the carbon was further 
increased and cementite began to separate the corrosion decreased. 
If they would proceed a little further on that line of inquiry they 
uaturally came to cast iron, and it was well known that white cast 
iron was resistant to aciils. Experiments were made in his laboratory 
lost year by l>r. tiwyer with some samples of cast iron which had 
been exposed to the slow action of acetic acid. It was oliservcd that 
grey cast iron exposed to the action of dilute acid lost its ferrite 
first; the phosphorus eutectic and any cementite was left behind, 
and of course the graphite. It was n very curious fact that the 
action of alkalies wits different. If they took a sample of grey 
cast irou containing phosphorus eutectic uud some carbide and 
heated it with caustic soda or potash, it would he found that the 
phosphorus eutectic and iron carbide were dissolved out first, and 
the ferrite was left. It was an extremely interesting experiment 
to prepare two separate slides from similar iron, one exposed to 
alkalies and one ex|>osed to acids In one case the free iron all weut, 
and in the other case the iron was left. In connection with all those 
corrodibility experiments they must consider uot only the kind of 
metal employed, but also the kind of acid, the strength of the acid, 
and further, the effect of substances other than acids. Whan salts or 
other substances came into contact with iron, they would lead to 
corrosion on one hand, or they might offer a certain amount of protec¬ 
tion on the other. 


CORRRSI'ONDKNCE. 

Mr. John \\. t-oHB (Leeds} wrote that huviiig worked on the 
subject of the influence of impurities on the corrosion of iron, he was 
specially interested in Mr. Chappell's valuable paper, which he hoped 
was only the beginning of a systematic survey of the influence of 
specific impurities. How closely corrosion was llound up with electro¬ 
chemical action between pure iron and those accompanying sub- 
stances which converted it into a material of construction bearing 
the same name hut different in nature, was perhaps never better 
illustrated than by the correspondence between the author’s experi¬ 
mental result- from corrosion tests and the simple theoretical 
deduction previously published in his (Mr. Cobb’s paper), which 
read : “ If other conditions, could he made exactly the same, the iron 
dissolved on etching two irons containing uo impurity hut carbon 
would be in the order of the amounts of the pearlit* (eutectic) present. 
The all-pearlito iron containing 0 3 per cent, carbon would Bhow the 
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greatest rate of dissolution ; any excess of iron or carbon would lessen 
it.” * Tlie agreement was closer than he would have expected for any 
blit carefully normalised metal. The realisation that iron or steel 
was not a chemical entity but a complex substance, containing within 
itself, in varying degrees, the potentialities of its destruction under 
normal conditions of exposure, was bringing into desirable prominence 
the study of the metal itself in the corrosion process. It Imd been 
taken for granted too frequently that a very interesting problem of 
pure chemistry, tlio mode of initial combination of the chemical 
element irou with oxygen, water, and carbonic acid, was tlio only vital 
problem of corrosion. 

In connection with Professor Turner's opening remark, Mr. 
Chapfem, desired to point out that the maximum corridibility at 
0 9 per cent, carbon, described in the paper, did not refer to dilute 
acid, but strictly to sea-water attack ouly, i.e. u practically neutral 
solution. The need for scrupulous care in corrosion work in avoiding 
any confusion between different types of solutions, such as those, 
could not be more effectively exemplified than by the very inter¬ 
esting experiment which Professor Turner himself subsequently 
described. 

The close corroboration of theory by experiment in the case of tlio 
maximum corrodibility at 0‘9 per cent, carbon, as mentioned by Mr. 
Cobb, was particularly interesting. Reference to the context of Mr. 
Cobb's quotation, however, iudicuted the attacking medium under 
consideration to have been of an acid rather than of a neutral nature. 
In view of tlrnt, the author questioned the accuracy of the earlier 
deduction that the corrodibility “ would be in the order of the amounts 
of the peurlite present,” in the case of dilute acid solutions. The 
proportionality of the corrodibility to the pearlito contents was 
obviously only likely to obtain so long as the electro-chemical 
action between the constituents was tbc dominant factor governing 
the corrosion. It Itud previously been tentatively suggested 1 that in 
mineral acid solutions even so dilute as 1 per cent., the difference in 
potential between the constituents was no longer the dominant factor 
in the process of attack, but was probably quite secondary to the 
influence of the actual electro-potential of the steel itself; that latter 
factor, on the other hand, being quite a negligible one when the 
corroding solutiuu was neutral. Experimental data obtained on 
the carbon steels used in the present research had tended strongly 
to support that conclusion, as would be seen from a typical compara¬ 
tive study of some of those results given in the following Table A. 
That drastic change in the nature of the factors involved when a 
practically neutral salt solution was replaced by an even highly 
dilute acid one, called for a sharp differentiation between corrodi¬ 
bility and solubility. It also added emphasis to the previous appeal 

• Journal of the Iron and Slat IrutituU, 1911. No. I. p 170. 

* Chappell anil Hudson. British Asuxiation Jitfvrt, 1910, p. fit?!. 
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Table A. 




Approximate 

Steel No. 4 (0’55 per Cent. Carbon L 

Solution. 

Treat¬ 

ment. 

Electro-potential 




tti Volts between 





Pearlitrand Ferrite 

Electro- 

Corrodibility. 
m Liars' 

Solubility. 



(Steels Nos. 5 

potential 

48 Hours' 



and 1). 

in Volts.* 

Immersion. 

Immersion. 


A 

- 0fl019 

0-2129 

0-847 


Sea water . - 

K 

+OU029 

02300 

0-872 


E 

-+0-0138 

0*2352 

0208 



N 

+O-0140 

0-2091 

0274 



D 

+11*0180 

02000 

1-007 

... 

One per Cent. 1 
Sulphuric Acid-' 

D 

+04W7B 

0-0013 


115 

N 

K 

-0-0117 

0-0061 

0-0082 

02081 


1« 

1*35 

Solution. 

E 

»o-oia 

o-ooio 


j 41 

1 

A 

+ 0-0018 

0*0140 


1’71 


for rigid uttontiou to apparently alight details of that kind if con¬ 
fusion were to he avoided in tho promising nnd rapidly developing 
subject of corrosion research. Attention might also be called to the 
practically complete reversal of the influence of treatment on the 
corrodibility and solubility respectively, as corroborative of the 
absence of any substantial correlation between the action of neutral 
and very dilute acid solutions. 

Despite those facts, however, it might be mentioned that experi¬ 
mental data obtained as to the solubility in 1 per cent, sulphuric or 
hydrochloric acid solutions of several series of steels containing 
carbon as the only variable, indicated that although the solubility 
was not proportional to the peurlite contents, yet the maximum 
solubility did occur at about 0 9 per cent, carbon. Tho position of 
that maximum was exceedingly sensitive to even slight variations in 
the other elements present, notably manganese. 

The author most heartily endorsed Mr. Cobb’s remarks as to the 
need for increases! concentration on tho metal itself, as the central 
factor in the corrosion problem. In view of that gentleman’s encour- 
aging appreciation it might »*> added that the extension of the present 
work, by similar systematic studies of the influence of other elements 
on corroston, was the original intention, and it was hoped tliat subse¬ 
quent circumstances might |»ermit of their completion in due course. 


* After three weeks’ Immersion in sea water; 
cent. HfSOt solution respectively. 


or twenty-four hours’ immersion in t per 
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MANUFACTURE AND TREATMENT OF STEEL 
FOR GUNS. 


liy Genual U CUBILLO (Valla ijolid, Spain). 


Introductory. 

It is about thirty years since steel was doiinitoly adopted 
by the chief countries of the world for gun construction. 
The many difficulties presented in the manufacture of large 
homogeneous masses of steel, and the resistance offered by 
tradition and routine to every change in industrial processes 
were the chief causes of the continuation of the use of cast and 
wrought iron, in the third quarter of the last century, if not 
for the whole construction, at least fur the principal elements 
of guns. The celebrated American artillerist, Rodman, cast 
largo calibre guns, of cast iron exclusively, and applied, during 
and after the casting process, his invention of cooling the inside 
of the gun with water, und of heating the outside in such a 
manner that the inside was compressed by the outside. By 
this the maximum tangentiul resistance of u single tube is 
attained, and it is then best fitted to oppose the pressure of 
the powder. The metal used by Rodman in the manufacture 
of guns was of a quality which has not since been surpassed. 
The pig iron employed was charcoal and cold-blast iron, from 
ores of the greatest purity, so that the resulting cast iron 
possessi.il tho best mechanical qualities. Tho resistance of 
cast-iron guns was certainly increased by the Rodman process, 
though it was not known exnctly by how much, since it is 
impossible to upply the rules of shrinkage to guns treated as 
described. But the improvement so obtained was not sufficient 
for the requirements of tho artillery, and cast iron, whether 
alone or combined with wrought iron or puddled steel, was 
incapable of withstanding very great pressure. It was cer¬ 
tainly possible to fire the guns so constructed with charges 
larger than those employed in ordinary cast-iron guns, but 
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the difference was not grout, since a very considerable part of 
the gun was mode of cast irou, the mechanical properties of 
which are deficient as compared with those of wrought iron 
and steel. In France and Spain a combination of steel, 
wrought iron, and cost iron was tried, the former metal being 
employed for that part of the bore where the pressure is 
greatest, but this combination, which actually produced guns 
more powerful than those made of cast and wrought iron, was 
abandoned since, owing to the progress of metallurgical science, 
tho manufacture of steel in large masses had now become 
possible. The guns made of this triple combination were 
capable of withstanding a pressure of 2200 kilogrammes per 
square centimetre. It was necessary to use quick-burning 
powders in thorn, because, the steel tube not being of tho 
total length of the bore, tho gun at tho cast-irou end was much 
weaker and incapable of withstanding great pressure. It is 
therefore easy to understand why, os soon as it became possible 
to cost great masses of steel, this metal, with its greatly superior 
physical and mechanical properties, was exclusively adopted 
for the construction of large guns. It will alwuys be u dis¬ 
tinction, however, for the Krupp works to have been the first 
to cast great masses of steel, while the Bessemer and open- 
hearth processes wore still unknown to the metallurgists, but 
the method by which Alfred Kmpp achieved his wonderful 
results is so well known that it neod hardly be descrilwd here. 


SECTION I. 

CONDITIONS OK TUB STEEL REQUIRED FOR GuN 

Construction. 

If it were possible to produce u metal at low cost such 
that it possessed a high elastic limit, and also high tenacity, 
great ductility, and resistance to the wear produced by the 
powder gases at great pressure and high temperature. with, 
moreover, u very high melting point, such a material would 
undoubtedly be the most suitable for the manufacture of guns. 
The very great pressure which the material must withstand 
is not, it is true, of great duration or of great frequency in 
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large mid medium-sized guns; but it is necessary to take into 
consideration the fact that what causes this enormous pressure 
is the highly heated gases, which exercise both a physical and, 
in a certain portion of the boro of the gun, a chemical action 
on the metal. As has already been said, steel has been 
adopted us the only material suitable for guns. But steel 
offers so great a variety of types, that it becomes necessary 
to select from among these one which possesses in the highest 
degree the conditions already laid down. If the steel is 
ordinary carbon steel, its high elastic limit is uccompaniod by 
a high tenacity and less ductility than that which accompanies 
a metal of smaller elastic limit and tenacity. The resistance 
of the former metal to dynamic stresses will he less than that 
of tho second, and its melting point will also he lower. The 
gun-makers have universally adopted a metal between the 
dead-soft and the bard stools, namely, an iron-carbon alloy, 
tending rather towards mildness, due socially to its high 
molting point. This last property is now very important, on 
account of the use of the modern smokeless powders, and 
especially the nitre-glycerine powders. The high combustion 
temperuturo of these [>owders, and the incomplete obturation 
of the driving band of tho projectile at the commencement 
of its travel in the boro of the gun, is tho origin of what 
is called erosion in tho bore. The modern experiments of 
Vieillo aud some others made at South Bethlehem, not to 
mention the earlier ones made by Sir Andrew Noble, have 
demonstrated without doubt that the mild steels are better 
able to withstand the effects of erosion, because, amongst other 
properties, they possess melting points higher than those of 
the bard steels. 

An ordinary carbon steel for guns has ubout 0*5 per cent, 
of carbon, and its place in the iron-carbon solution is in the 
series of the metals called stools, having a carbon percentage 
of less than 2 per cent. Tho characteristic of this series is 
that it is not cutoclic at its freezing point, and that it presents 
a similar phenomenon in the subsequent cooling, when it 
arrives at tho point Ar in the cooling curve. All this refers 
only to tho ordinary carbon steel. The ternary alloy of 
iron-carbon and nickel or the quaternary alloy of iron with 
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carbon, chromium, and nickel is employed in the manufacture 
of medium and small guns only, because the cost of such on 
alloy would bo prohibitive in the construction of the larger 
ones, especially now that the principle of uniformity of calibre 
has been adopted by all the navies of the world. It must 
be said, however, that tho A and B tubes for the great 
16-incli experimental gun manufactured in the United States 
are of nickel steel. In adopting this alloy for the construction 
of guns it has teen necessary to diminish the percentage of 
carbon, because if it reached that of ordinary carbon steel with 
percentages of 2'5 to 3 5 per cent, of nickel the steel would 
be very hard, that is, it would bo what Mr. Guillet calls 
“ martensitic steel.” 

Meehauuxtl Tests .—It is not necessary to give here a com¬ 
plete table of the specifications for gun steel as required by 
the armies and navies of the Euro]tean and American powers. 
In all the specifications two different kinds of mechanical 
tests are required : in the one case, that of continuous and 
progressive tension up to the yield point, together with the 
measurement of the elongation after breaking; while the other 
test consists in subjecting the test-piece to a certain number 
of impacts according to details anil conditions fully specified, 
or perhaps to some bending test, equally fully specified. If 
the steel has been manufactured from pure materials, such 
as the best Swedish pig iron and from scrap from the puddling 
of tho best htematito pig iron, and if it has been carefully cast, 
forged, annealed, hardened, and tempered, the tensile tests are 
quite sufficient in tho author’s opinion; while the close ex¬ 
amination of the forgings during machining will, conjointly 
with the tensile tests, also convey a good idea of the quality of 
tho metal, so that the impact or bending tests can bo dispensed 
with. But perhaps it may happen that the heat-treatment 
has not been properly conducted, and that the metal which 
withstands the tensile tests may fail in the impact tests. 
Tho latter aro thoso which give a really good idea of the 
brittleness of the metal. Many years :kgo these mechanical 
and bending tests wore introduced into tho specifications for 
ascertaining the presence of phosphorus in the steel It is 
possible that a motal with a high percentage of this metalloid 



OF STEEL FOB OUNS. 


301 


may give satisfactory results in the static tensile tests, and 
that tho yield point and the ductility may be very good; 
but this Bteel would certainly withstand far fewer impacts 
than a very pure steeL Indeed the tests, which a metal 
suitable for gun construction must undergo, must produce 
stresses similar to those caused in the gun by the powder 
gases. This metal, when the gun is composed of a single 
tube, as is generally the case in mountain guns, passes, in 
on infinitesimal space of time, from the state of repose to a 
strain of two-thirds at least of its elastic limit of static 
tension; and when the gun is a composite tube the concentric 
layers of some of its elements pass in an equally short space 
of time from a state of compressive stress to another of tensile 
stress, both of which are opposite states of stress of con¬ 
siderable importance. Taking into consideration both the 
opposite stresses to which the elements of the guns are sub¬ 
jected, before and under fire, perhaps the best mechanical test 
for gun steel would be that of alternating stresses with con¬ 
siderable variation, these stresses being repeated a certain 
number of times in harmony with the rounds tired by the 
guns. Tho shock tests aro now universally accepted, as has 
been said, in order to ascertain the fragility of the metal. 
The resolutions of the last Congress of “ Les Methodes d’Essai 
des Materials " assembled at Copenhagen recommend a shock 
test with test-pieces, together with a slight nick in one of 
the long sides of the piece. Certainly this test must be 
adopted as one of the means of ascertaining the good quality 
of gun stoel. 


SECTION IL 
Melting of the Steel. 

Of all the processes employed in the melting of steel the 
only ones used in the manufacture of gun steel have been the 
crucible and the open-hearth processes. The first process was 
naturally employed before the introduction of the open-hearth 
method, and for some time afterwards; but the latter has 
now superseded the crucible process, except at the Krupp works. 
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Mention lias already been made of the great claims possessed 
by this firm as the pioneers in casting, by tho crucible process, 
great masses of steel intended for gun construction. Credit 
must also be extended to the English firms of Firth, Vickers, 
and Whitworth, which also employed their energies in the 
improvement of this manufacture. The firm of Kmpp has 
always claimed that the crucible process offers the best 
guarantee for a sound metal for gun construction. Un¬ 
doubtedly it is possiblo to obtain by it a metal of great 
purity with regard to phosphorus and sulphur than by any 
other process, if tho material charged in the crucibles is 
wrought iron from hmmatite pig iron. The metal obtained in 
this case will be tho best possiblo steel, and it will not contain 
occluded gases; or at all events in very small proportion. If 
the metal charged in the crucibles is free from oxides, tho 
only gases dissolved in the steel will be those which have 
passed through the walls of the crucibles. 

In the author’s opinion steel made by the crucible process 
must lack homogeneity, because it is almost impossible that 
the composition of the charge of all the crucibles will be 
the same. It is also impossible to secure uniformity of com¬ 
position in the ingot mould, bearing in mind segregation. The 
only way of securing homogeneity by this process would be to 
teem the crucibles first into a hot ladle, and then into the 
ingot mould. The principal reason for this lack of homo¬ 
geneity lies in the impossibility of analysing all the puddled 
bars which form the charge of the crucibles, classification 
by the eye boing vory uncertain. Therefore, in the author’s 
opinion, a massive ingot of steel cast by the crucible process 
is more heterogeneous than a similar ingot cast by the open- 
hearth process. The open-hearth acid process is generally 
employed for the casting of great masses of steel. The basic 
process can of course bo employed, provided tho materials 
charged are acid; and there is no difficulty in obtaining by 
the open-hearth process, thnt is, by the dissolution in a cast- 
iron bath of a certain quantity of wrought iron or steel, a very 
pure metal, such as is required in the construction of guns. 
All depends on tho purity of the pig iron and scrap charged. 

It is the constant practice of all the steelworks where steel 
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for gun construction is regularly made to employ Swedish 
pig iron of the best, quality, the phosphorus being as low as 
0*025 per cent., and the sulphur lower than this amount; and 
for the scrap, puddled balls or bars from the best haematite 
pig irons. 

By puddling this pig it is possible to obtain a product with 
phosphorus and sulphur os low as 0*001 per cent., and as 
furnaces of 50 or 00 tons capacity arc now very common, and 
as for the costing of the largest element of the new great guns 
it is not necessary to have ingots of more than 100 or 120 
tons, the result is that it is not very difficult to obtain a great 
uniformity of the metal by this process. The conditions of 
open-hearth working permit of working two or three furnaces 
so uniformly that, at the time of casting, the metal of the two 
or three furnaces will be perfectly similar. The steel is much 
exposed to the oxidation of the furnace gases, always in con¬ 
tact with the bath; and to this action is added that of tho 
iron ore incorporated for oxidising in a rapid and energetic 
manner the silicon and carbon in excess of that required in 
the steel. There are many means of diminishing the oxida¬ 
tion of the bath; one of them is to prepare the charge by 
putting in the furnace the greatest passible amount of scrap, with 
tho smallest quantity of carbon, and conducting the rofining 
process by tho furnace gases only without the addition of any 
iron ore. This particular method of working is extraordinarily 
slow; first, because, as the materials, both pig iron and slag, 
are charged at once and cold, the mixed bath is very low in 
carbon and its melting point very high. It therefore requires 
more time for melting it than if the charge had been com¬ 
posed of equal parts of pig iron and scrap Secondly, because 
the oxidation of the carbon by the gases is not so efficacious 
as that by the iron ore, this being more in contact with the 
bath and the former acting only on the surface. Operating 
in this way the final steel is almost free of oxides, and in order 
entirely to eliminate them additions are tnade, at the end. of 
certain iron alloys, such as ferro-mang&nese and ferro-silicon, 
which by their action upon the bath reduce the iron oxides 
dissolved in it. This addition is the more required when tho 
charge has Itcen of equal parts of pig iron and scrap. The 
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percentage of carbon of such a charge at the fusion or melting 
time will be very high, and it is not possible to oxidiso the 
excess carbon to the point required in the artillery steel by 
the action of the gases only, and it is almost imperative to 
employ the iron ore for accelerating the oxidation of the 
carbon. 

Fusion at Trtibia of the ordinary Carbon Steel for Guns .—The 
steelworks at Tnibia comprise two furnaces—one of large 
capacity, capable of taking charges up to 54 tons, and the other 
of 16 tons. Therefore it is possible, working with the two 
furnaces, to obtain on ingot of 04 tons. Tho furnaces were 
supplied by Messrs. Frederick Siemens of London, and are of 
tho usual design. They aro Bitnatod in a straight lino, with 
a very commodious working platform, and are servod by an 
electric-charging crane, of the well-known Wellman type. 

For the service of tho casting shop thoro are two overhead 
electric travelling cranes, one of 75 tons capacity, with one 
motor only of 30 horse-power, and the other is a Niles 50-ton 
capacity crane, worked by four motors of 130 total horse¬ 
power. The second crane, of course, has been more recently 
installed than the first. 

In the fusion of the ordinary carbon steel for guns, the 
materials employed are Swedish pig iron and puddled ball 
from Bilbao hn_>matite pig iron, in order to convey an idea 
of the operation, a heat in tho 16-ton furnace will be 
described. 

The furnace was charged with 7'5 tons of Swedish pig iron 
and 9 tons of puddled ball from Bilbao hicmatite. These 
materials aro charged straight into the furnace, the first 
charged being the pig iron. At 9.2 a.m. the charge was 
commenced, and melted at 2.40 p.m. The first iron ore 
addition of 60 kilogrammes weight was made at 2.50 r.M., 
and anothor of the same weight at 3.15 p.m., followed by 
another of 50 kilogrammes at 3.35 p.m. During the melting 
period and the folloVing 45 minutes nearly all the silicon was 
oxidised. Some minutes after the third iron-ore addition, the 
ebullition of the bath commenced, which evidently proved 
that the oxidation of the carbon was energetically proceeding. 
The iron ore additions followed from time to time as the 
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state of tho bath indicated tho necessity. The operation 
is conducted with the air-valve closed as much as possible, 
so that the metal should not become cold, nor become 
oxidised. The total additions of iron ore amounted to 350 
kilogrammes. At 6.25 P.M. the colorimetric analysis of the 
small sample taken from the bath and very slowly cooled gave 
a percentage of carbon of 0’52 per cent., and as the quantity 
required in the steel must be between 0'45 and 0 55 it was 
decided to tap the furnace, making previously the suitablo 
additions of alloys. These were ferro-manganese and ferro- 
silicon. putting 124 kilogrammes of tho first and 99 of the 
second: the percentages required in the metal wero 0‘55 to 
0-65 per cent, of manganese and Ovl 5 per cont. of silicon. This 
percentage is quite sufficient for obtaining a metal totally free 
from side and central cavities, except those at the top of the 
ingot and the pipe. The metal is poured into a Wellman 
ladle, previously well heated by producer-gas. The ladle is 
then transported by the 50-ton electric crane to the casting-pit. 
where the metal is poured into the mould. 

Inqot Mould .—This is of cast iron, with a wash of refractory 
material, intended to retard the cooling of the metal at the 
top, kooping it fluid as long as possible, so that it may fill the 
space loft vacant by the contraction of tho metal in the rest of 
the mould. The mould both outside and inside has the form of a 
t runcated pyramid (see Fig. 1). The sides of the inside pyramid, 
instead of being plane are curved surfaces joined to one another 
by rounding the edges. It seems natural that, since the 
elements of guns are cylindrical, t.ho ingot moulds should also 
be of cylindrical form inside, and since also the steel, as it 
solidifies, crystallises in crystals whose axes are normal to the 
surface of the mould, the cylindrical form should be the best 
for obtaining good sound ingots without cracks. The reverse 
is what happens. Tho ingots cast in circular rnetal moulds 
have always a deep longitudinal crack, and thus are incapable 
of subsequent forging. Ln order to avoid the occurrence of 
cracks during solidification and subsequent cooling on the out¬ 
side surface of the ingots, they are sometimes cast in refractory 
moulds. But though no cracks occur in ingots cast in such 
moulds, the long time spent in tho cooling of a largo ingot, 
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cast in such manner, produces a very coarse crystalline texture, 
almost impossible of being changed to the proper texture during 
the forging. The experience at Trubia with 40-ton ingots cast 
in refractory moulds has been totally adverse to their use as 
substitutes for metal moulds for the part of the ingot really 
utilised. When this is completely solidified and almost cold 
on its outside, it is taken out of the mould and is coverod 
with ashes until it is completely cool. After this it is care¬ 
fully examined for cracks, which are dealt with by the pneu¬ 
matic hammer. As it is not an easy matter to get rid of them 
entirely by those means, the ingot Is sent to the forging 
shop, where it is subjected to a slight preliminary forging, just 
sufficient to give it n cylindrical form. Any cracks which 
wero not visible in the preliminary examination then appear, 
and are taken out in the lathe. Some very good metal is 
thereby lost, but in the finishing up of the forging no cracks 
appear, and it is possible to finish the pieces with the least 
possible excess in the dimensions required for the hardening. 

Beforo describing the forging, it may be mentioned that, about 
half-way through casting, operations are suspended for an 
instant, while a very small ingot is cast from the ladle. This 
is intended for the full analysis of the metal, and for forging 
a test-piece for a preliminary tensile test. 

In order to study the segregation phenomena in the un¬ 
finished steel, the head from a 16-ton ingot was divided through 
its vertical axis. One of the halves of this head is represented 
in Fig. 2. From it wero taken the samples for analysing the 
carbon, manganese, phosphorus, and silicon. The samples 
wore taken only in ono half of the head, because it was pre¬ 
sumed that the symmetrical parts of the other half must have 
the same composition, os the cond itions of cooling wero equal 
for both halves. The small ingot taken during the casting 
operation, which, owing to its very small dimensions, is free 
from the phenomena of segregation, and fairly represents the 
composition of the steel in the ladle (where it is supposed to 
be completely homogeneous), gave on analysis 0'5G per cent 
of carbon and 0f>7 per cent, of manganese. On comparing 
these percentages with those of the samples it is observed at 
once that there is not a very great difference lietween the 
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PIC. 2.—Analyses of th<- Samples taken from Head of Ingot. Meat No. 1523 
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samples taken at tbe circumference of the head and those of 
the small ingot. But the difference is very great in the 
samples taken in the centre of the head. Here, segregation 
phenomena are in evidence, especially with regard to carbon. 
It is observed that sample No. 1, from the bottom of the head, 
has the same quantitative composition us the metal of the 
small ingot, but in samples Nos. 2, 3, 4 und 5 the percentage 
of carbon increases gradually, being in sample No. 5, four limes 
greater thou in sample No. 1. The manganese increases also, 
but less so; the silicon rnoru than the manganese, while the 
phosphorus in sample No. 5 is double that of No. 1. Thu 
layer of steel, in contact with the ingot mould, represents 
very nearly the composition of the metal, in fact the per¬ 
centage of the metalloids is less. The layer successively 
cooling from the outside yields to the inside layers a certain 
part of its metalloids, until the central part of the ingot is 
reached, which, being the last to solidify and cool, is therefore 
richer in foreign elements. As the ingot mould is not closed, 
und is not in the form of a symmetrical cube, the segregation 
phenomena do not occur in the ordinary ingot motdd in the 
manner described by Howe in his classical book, “ Iron, Steel, 
ami Other Alloys," us the “ Onion type " of freezing. If the 
mould is u perfect cube, and the action of gravity be assumed 
to be counterbalanced, the segregation phenomena should 
occur in a completely regular manner, in layers parallel to 
the sides, and the mctul richer in foreign elements will be 
exactly in the centre of the figure. In the ousting of large 
ingots the segregation phenomena must occur as described, 
because the top of the ingot is the lust to cool, especially 
if, os is the cose at Truhia und elsewhere, the heud of the 
mould is of refractory material, which contributes, to a great 
extent, in keeping the metal fluid longer than if this port of 
the mould were of metal. 

About twenty years ago Brustlein explained, in a report to 
the “ Commission des Methodes d'Essui des Maleriaux ” in 
1392, the lack of homogeneity of steel ingots and segregation 
phenomena in a manner very similar to that already explained 
in this paper, but without the aid of chemical analysis. His 
views as to segregation phenomena are in perfect accord 
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with the manner of solidifying the iron-carbon solutions, as 
ltoozeboom has explained in his diagram. 

Applying their theories to the solidifying of steel ingots 
for gun tubes, it is easy to explain why tho percentage of 
carbon increases from the outside layer in contact with the 
walls of the mould to the centre of the ingot, culminating in 
the greater amount of carbon and of the other foreign elements 
in the upper and central part of the ingot which is the lust 
to set. 

Fluid Compression ,—Fluid compression consists, as overy 
one knows, in applying pressure to tho steel while still fluid 
or semi-fluid. The process has acquired considerable develop¬ 
ment, and is extended to ingots of common steels, whereas it 
was at first only applied to ingots intended for the manufacture 
of guns or for the large shafts of ships. The older fluid com¬ 
pression method is that of Whitworth, whose patent was lakeu 
out in 1866, the chief object of which was to obtain cast steel 
ingots free from cavities. 

The Whitworth process is undoubtedly a very good one, 
and, considered economically, it offers great advantages, but 
in practice not all the advantages of fluid compression are 
obtained. In one of the most important French steelworks, 
where this process is applied to the ingots intendod for tho 
construction of guns, tho author has had occasion to examine 
some of them, and has found that the pipe at the top does 
not entirely disappear. 

In order to demonstrate that the Whitworth fluid com¬ 
pression process gives homogeneous ingots, that is, ingots free 
from segregation, it would 1* necessary to demonstrate it 
practically by dividing a large ingot longitudinally, and taking 
many samples for analysis, from all parts, or at least in the 
upper third. It is certain that in present-day practice with 
the judicious use of dooxidising alloys in the furnace such 
as ferro-manganese and ferro-silicon, and perhaps with a very 
slight addition of aluminium during the casting operation it 
is possible to obtain ingots free from cavities, except at the 
very top, in the central part, as is seen in the head of a 
16-ton ingot, represented in Fig, 2. In this, as in all similar 
ingots, a very sound and homogeneous (78 per cent.) total 
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mass was obtained. In favour of fluid compression it may 
be said that it causes the disappearance of tho deep cracks, 
especially in the bottom of tho ingot. Perhaps this is to be 
attributed rather to the lining of the inside of the ingot mould 
with refractory material. The cracks are always a serious 
defect, and sometimes, if ingot moulds of polygonal section with¬ 
out rounded corners are employed, and the block, after forging, 
is put on the lathe, they appear as dark lines along the total 
length of tho piece, which correspond to tho angles of tho 
ingot. Certainly, in many cases the turnings do not break off 
when the tool cuts across the dark lines, but all the same tho 
appearance of such linos does not suggest a very good quality 
of metal. 

With regard to the improvement of tho mechanical pro¬ 
perties by fluid compression, the author must say that it is 
not very evident to him. Perhaps it is assumed that fluid 
compression during the last period of tho process, when tho 
uictul is in a semi-Hu id state and almost set, confers an effect 
similar to forging. In Whitworth Huid compression, after the 
expulsion of the gases, the press does not cause any deforma¬ 
tion in the ingot, and there counot be forging without de¬ 
formation. Some years ago a new fluid compression process 
was patented by Messrs. Robinson and Rodgers, of Sheffield, 
in conjunction with Mr. Illingworth, of New York. This 
process hail been described by Mr. A. J. Capron. 1 The ad¬ 
vantages derived are that absolutely sound ingots are obtained 
free from cavities and pipe, so that the'whole of the ingot 
ciin be utilisod, without any waste. As it is possible to watch, 
during the compression, the top of tho ingot and the setting 
of the liquated part of the steel, a great improvement in the 
quality of tho metal can be obtained. The ingots ore poured 
in tho same place as they are compressed. The plant is very 
simple and economical, and can be operated by men without 
special tra inin g and, the ingot moulds being in halves, the top 
and bottom sections are equal, which facilitates the rolling. 

Another compression Huid process, which has become very 
well known and accepted during the last years, and is widely 
adopted in France, England, and Germany, is that patented 

1 Journal ofUu Iron and Stool Imtituto, 1906, No. L p. 28. 
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by Mr. Haruiet, of St. Etienne, wbicb has also been fully de¬ 
scribed by him to the Iron and Steel Institute. 1 

In concluding this part of tho paper, the author would repeat 
that in his opinion tho principal advantage to be derived from 
fluid compression lies in its economical aspect. When ousting 
under ordinary conditions, it is possible to utiliso from 75 per 
cent, to 80 per cent, of the ingoL, while with compression it is 
possible to reach 00 per cent. 

SECTION 111. 

Meat Treatment. 

Before proceeding further, it will be convenient to consider, 
at this point, the heat treatment most appropriate for gun steeL 

Ihe steel, having been cast in a mould of truncated cone 
shape, requires, of course, to be forged, in order to give to the 
gun or pan of the gun the required form, which is always that 
of either a hollow or a solid cylinder, of varying length, with 
different diameters outside, and sometimes also inside. The 
annealing after the forging, tho hardening—or hardenings, if 
it is necessaiy to hardeu more than once—and the subsequent 
tempering or temperings, constitute the series of heal treat¬ 
ment processes given to the steel for gun construction. Forging 
U not only necessary for giving the required form, but prin¬ 
cipally to change the crystalline structure of tho large and 
medium-sized castings into one of tiner grain, almost amor¬ 
phous, which is essential for the best development of the 
Physical and mechanical properties of a given steel for ord¬ 
nance purposes. But as it is possible to obtain from a given 
steel, simply by heat treatment, without the aid of the press 
or of the hammer, physical and mechanical properties equal 
to those conferred by forging, it is only natural to ask if the 
forge is absolutely necessary, and whether, instead of casting 
ingots of the usual shape, it would not be possible to cast 
pieces of approximately the Hnal form, ami subject them after¬ 
wards to the heat treatment capable of modifying the texture 
developed by the cooling after the casting. This is a question 
which has been very much discussed for many yearn, and 
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opinion seems ou theoretical grounds to be in favour of the 
suppression of the forge, but ou practical grounds the forge 
is retained, and there is no indication whatever that it is 
likely to be dispensed with. 

The munner of fixing the amorphous structure obtained by 
heat treatment is to cool the piece very quickly. For thirty 
or more years these facts appear well established, yet the 
specifications of all the armies anil navies of the world con¬ 
tinue to require the use of the forgo in the manufacture of 
gun steel, notwithstanding that eminent metallurgists havo 
demonstrated the possibility of making very good pieces for 
gun construction without the aid of the forge. The tests were 
certuinly made with small pieces many years ago, but an 
enterprising firm in Sweden now makes guns up to 24-centi¬ 
metres calibre without forging. In 1882 Mr. Poured, in a 
{taper read before the Iron and Steel Institute, described 
the series of operations which constituted the whole process 
at the Turre-Noire Steel Works in the manufacture of steel 
hoops for 4-iuch guns. These hoops must, of course, satisfy 
the same specifications as those required for the forged metaL 
After casting the steel with the necessary additions of ferro- 
silicou for frooing the ingots from cavities and securing a 
perfectly sound metal, a heat treatment was given to the 
hoops, which consisted in heating them to a yellow heal and 
hardening them in an oil bath of fixed weight. After being 
cooled in the liquid they were afterwards reheated to a 
temperature which varied from light cherry-red to a dark 
cherry-red, in accordance with the chemical composition of 
the metal. The hoop was then cooled in a bath of the same 
liquid, where it remained until it was perfectly eooL By the 
first hardening the crystalline grain of the metal wus trans¬ 
formed into a finer and homogeneous grain. The second 
hardening confers on the pioces the molecular equilibrium 
corresponding to their chemical composition. 

Tho result of these two operations wls a true hardening, 
inasmuch as the piece wus heated to a higher temperature 
than that of the transformation point, and by this the size of 
the original grain was changed, and the new structure fixed by 
subsequent cooling in a large quantity of oil. 
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Thu second heat treatment, also called hardening by Mr. 
Pourcel, was, rather thau a hardening or annealing, a true 
tempering, which caused the disappearance of the strains 
originated by the hardening, and increased the ductility, which 
had been lowered by the first operation. Sometimes it was 
necessary to repeat the two operations, if the tenacity of the 
metal was less thau that required by the specifications, or only 
the second if the ductility obtained was less than required. 
Mr. Pourcel had some doubts at that time if this process, 
applied to guns of a calibre larger than that of 4 inches, 
would give the same excellent results. His conviction inclined 
him to take the affirmative side of the question. Undoubtedly 
he had thought the subject out in a logical manner, and it 
is not easy to understand why such ideas as these, so well 
grounded, have not. been adopted by metallurgists. The Swedish 
Steel Works, the Akticbolaget Botors Gullspang, for many 
years has been successfully applying steel as cast to the 
construction ot guns. Working systematically, and passing 
gradually from the simple to the complex, they began by 
producing field guns, followed by fortress guns, and finally 
essayed the manufacture of coast and navy guns, commencing 
with a quick-firing gun of 15 centimetres in calibre. The 
United States of America even used a gun of this type, the 
trials of which were commenced in 1902, and gave exceedingly 
good results. 

Recently the author has ascertained that the Bofors Steel 
Works has constructed guns of 21 and 24 centimetres, whose 
elements have been simply cast and afterwards subjected to 
heal treatment. Of course, the elements for the field mid 
fortress guns arc also subjected to proper heat treatment. 
These are facts the importance of which it is impossible to 
deny. They afford evident proof of great advance in the 
way of applying heat treatment alone without forging the 
elements of guns. The author thinks, however, that it is no 
easy matter to east lb-inch and 12-inch gun tubes 50 calibres 
in length, moulding them in a refractory mould. 

There is another reason against the acceptance, by Govern¬ 
ments. of this process of manufacture. It may happen that, 
despite all the precaution and care taken in the ti and 
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casting of the elements in order to obtain pieces absolutely 
free from cavities, a cavity may occur in the thickness of a 
tube without being detected during the mechanical work, and 
may cause the bursting of the gun when firing. 

Hardening and Tempering .—If forging is uecessary, or pre¬ 
sumably necessary, in order to obtain tirst-rate elements for 
the manufacture of the guns, the hardening process is also 
necessary for the tempering. 

To obtaiu these properties in the highest degree must bo 
the supreme object of the metallurgist. The author, during 
many years’ experience in the manufacture of steel, both by the 
crucible and open-hearth processes, for 24-centimetre guns of 
45 calibres in length, has found that however well conducted 
the forging, the transformation of the crystalline structure into 
one of uinorphous, or due grain, is oidy obtained in ibe highest 
degree (if the forging is not completed) by hardening and 
tempering, and sometimes more than one and more even than 
two such operations. As it is not the chief aim of the hardening 
(in semi-hard steel of the type used for gun construction) 
really to harden the metal, and as it is easy to obtain the 
required mechanical qualities by forging only (followed by an 
annealing), it would seem that the hardening might Ikj dis¬ 
pensed with. However, as many years ago hardening in oil 
was introduced with excellent results, the process was retained 
aud formed part of the speoidcations. The Bludy of iron- 
c&rbon alloys has shown the great advantages that, can be 
derived from an udequate heat treatment of the steel. 

The most important point in forging is to dx the limits of 
the temperature within which it is possible to conduct it. 
The highest of course must be the temperaLure at which the 
cohesion of the grains of metal begins to weaken and the 
grains to separate; this last action is due also in part to the 
gas evolved from within the mass. The generally admitted 
hypothesis is that this gas is carbon dioxide formed by the 
oxygen passing through the metal and combining with the 
carbon, though it is possible that carbon monoxide and other 
gases such as nitrogen and hydrogen uru also given oil. When 
a steel is in this state it is said to be burnt, a condition which 
is chiedy distinguished from the overheated state by the 
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separation of the grains. To this can. perhaps, be added the 
great thickness of the ferrite network, which is found when 
the steel cools through the temperature interval. Ar a Ar,. It 
can be said that the upper limit of temperature for forging 
the steel for gun construction is between 1100°-10U0° C. 
The lower limit must bo that of the transformation of the 
metal, as below this temperature the structure is not changed. 
This is the natural and logical limit; but some authors, 
especially Tschernoff, think that forging at lower temperatures 
is convenient. But certainly Tscliernoft' would tind it difficult, 
and even impossible, with the means at his disposal when he 
wrote his celebrated pu|>er, to forge the largo mass required 
for great guns at temperatures below the transformation 
point. 

Coming now to the practical aspect of forging large ingots 
for gun construction, it must be emphasised that it is neces¬ 
sary to heal them very carefully anil slowly. If the tem¬ 
perature of the furnace, when the ingots are introduced, is 
rather high, it is bettor to pre-heat them. Certainly the 
temperature of the furnace is suddenly lowered by the intro¬ 
duction of cold ingots, which naturally take a great part of 
the heat lost by the furouee; but this heat, taken up suddenly, 
causes a sudden dilutution of the outside of the ingot with the 
natural consequence of cracks, and it may occasion the break¬ 
ing of the ingot across. This happens especially if the metal 
is somewh at hard. Ihe two reheating furnaces for the great 
forging press at Trubiu are of tho Whitworth type. Their 
doors are worked by hydraulic power. The largest ingots, 
until recently, forged at Trubia, were 43 tons weight, suitablo 
for the forging of the tubes and other elements of the 24 
centimetres and 45 calibres. As an instance of solid forging, 
that of the A tube for tho 24-centimetre gun may be taken. 
Tho ingot on boing taken out of the mould wLj 16 feet 
6 inches in total length, of which 13 feet corresponded to 
tho pyramidal part, cast in the metal mould, and ihu other 

3 feet 6 inches to the conical part cast in the refractory 
material attachment. The diameter at the two bases of the 
tronco-pyramidal part was respectively 4 feet 10 inches and 

4 feet. The mean diameter of the truncated cone part was 
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2 feet 8 inches (see Fig. 3). The ingot free from all cracks, 
and reduced to a diameter of about 2 feet 8 inches by the 
previous forging, was put in the furnace, where it was heated 
carefully and very slowly during 30 hours, which is a suffi¬ 
cient time for the whole mass to become well and uniformly 
heated throughout. The temperature, as already stated, was 
1100° C. approximately, and tho forging operation is suspended 



Fig. 3. 

at 700° C„ when tho ingot is put, into the furnace again. 
The operation was finished in three heats, and the time taken 
to complete it after the first heating was 15 hours. The 
tube weighed 18 - 5 tons after forging, and its dimensions are 
given in Fig. 4. For tho hollow forget! tubes and hoops, 
40-ton ingots are (also employed. From each ingot two B 
tubes are forged. Tho operation <>1 removing tho cracks and 
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also of the previous forging are the same as those practised 
with tho ingots for the A tubes. Afterwards the blocks arc 
sent to the largo boring machine supplied by Sir William 
Armstrong, Whitworth & Co., where they are bored from both 
ends at tho same time to a diameter of 1 foot right through. 
When this operation is finished, the ingot is cut into two 
halves. The reheating is performed in tho same furnaces and 
conducted with the precautions already described in the case 
of the A tub s. The duration of the first heating is 30 hours. 
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And the first operation practise! is t hat of enlarging the bore 
in a Whit worth drawing pres®. When t he operation is finished 
throughout the length of the tube, the latter has a larger 
diameter and less thickness than at the beginning of the 
operation. The tube then goes again to the furnace, and after 
careful heating the forging is continued, and it is again 
stretched on mandrils of different diameters. The full 
operation involves four reheatings, and the total duration is 
from 13 to 14 hours, the final dimensions of the tube 
being: total length, 17 feet 2 inches, and outside diameters 

2 feet 4 inches, in a length of about 20 inches, and of 2 feet 

3 inches in tho reBt of the piece. The inside diameter is 14 
inches. The great hoops are forged by moans similar to those 
employed with tho B tubes. Sometimes when the ingots from 
which thoy are obtained are not very long, tho hole for the 
mandril is punched in the press after being carofully reheated, 
instead of being bored in the machine. This operation is 
made in one heat, the hole being driven by a conical steel 
tool which enlarges and lengthens the hole. When half of 
the ingot has been treated, it is turned and the operation 
repented on the second half. It is preferable to bore the 
ingot, because in this manner the stoel of the central part, 
with a chemical composition distinct from the rest of tho ingot 
due to segregation, is eliminated. Forging after boring must be 
practised (in preference to forging the solid ingot) when possible, 
because tho action of the press is more energetic in the first 
than in the second case, the press acting on less thickness of 
metal. With hoop No. 1 for a 24-centimetre gun, forged 
hollow, the following notable tensile results were obtained 
after tho full heat treatment. At one end of the hoop, tho 
mean result of three test-bars^ was 52 tons per square inch 
tenacity and 17 per cent, elongation measured in 4 inches, and 
at the other end 54 tons tenacity and 17 per cent, elongation, 
conditions letter than those ordinarily specified for nickel gun 
steel 

Annealing after Forging .—This is an indisjjensable operation 
in the manufacture of steel for guns. If it were feasible 
to finish the forging of a piece in one heat only and in such 
a manner that tho whole piece was finished at an even and 
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correct temperature, then, in this case only, the annealing 
operation could be dispensed with. Some think the operation 
superfluous, as the piece must be heated to a higher tempera¬ 
ture for the hardening process or to a temperature at least 
equal to that required in tho annealing. But forging cannot 
be conducted in tho ideal manner just described, nor is it 
possible, in the last period, to heat the A tubes for large guns 
uniformly throughout their length. The lack of uniformity 
in the finishing temperature requires that the pieces should 
be annealed before passing to the machine shops, to be pre¬ 
pared for the hardening process. After annealing, the metal 
will be in the best possible state for the turning and boring 
operations, and the pieces are less likely to suffer deformation 
during handling. In being reheated preparatory to hardening 
they retain their shape better, and in taking them out. of tho 
furnace for cooling they are less likely to bond and they undergo 
less deformation in the process of hardening. 1 he slight de¬ 
formation in tho finishing mechanical operations is also avoided, 
and exposure to direct sunlight has less effect. Owing to 
these special circumstances, the Government of the United 
States specify, in the construction of howitzers, that the shops 
of the Niles Co., in Hamilton, Ohio, must be always at the 
same temperature. At Trubia, for the annealing after forging, 
tho same furnaces are used as for the hardening. The opera¬ 
tion is conducted very carefully, the temperature in all parts 
of the furnace, and of the piece, l>eing measured with a 
Lo Chutelier pyrometer. When furnace and piece are at the 
proper uniform temperature, the gas is shut otf and the piece 
cools slowly in the furnace. Of course the annealing tempera¬ 
ture must be al>ove the transformation point. The elements 
for field guns aro annealed in a special furnace. Taking into 
consideration their small mnss, they are not individually an¬ 
nealed, but eight or ten are put into the fnmaco at a time. 
They are heated to 900° very carefully, and after reaching 
this temperature they aro slowly cooled. The author thinks 
that the advantages obtained bv annealing, after forging, are 
more marked in the elements for the field guns. 
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•SECTION VI. 

Hardening and Tempering. 

The author has already endeavoured to demonstrate the 
necessity of subjecting to a certain heat treatment the steel 
for gun construction. This heat treatment comprises one or 
more hardenings and temperings as required in ordor to satisfy 
the specifications; and the heat treatment must comprise 
precisely the hardening and tempering. It is also well to 
insist on calling the second operation tempering and not 
nnnealing. because in preparing the pieces for this operation 
they are heated to a temperature Iwlow the transformation point. 
If they were heated to a temperature above that point and 
then cooled slowly tho structure of metnl created by the 
hardening process would absolutely disappear. Perfect har¬ 
dening indicates in the inetal a stato of unstable equilibrium at 
ordinary temperature, because this state is that of equilibrium 
at a temperature above that of the transformation point. 
Mr. Gcorgo Ede claimod that the hardening in oil for the 
elements of guns originated in England at Woolwich Arsenal. 
Tho process originated in consideration of the benefits derived 
from the hardening in oil of hard steel for tools, and in treating 
the milder steels employed in the manufacture of guns in the 
same way it was found thnt the mechanical properties were 
improved. Tschemoff, in his celebrated paper on tho Working 
of Steel, says that for securing uniformity and fine grain it is 
necessary, after finishing tho forging, to reheat tho piece to a 
temperature above the point b, which is that of tho transforma¬ 
tion in his scale, and then to fix the amorphous texturo by 
rapidly cooling it ; this amorphous texture will be more surely 
obtained, tho rapidity of cooling being the same, the less the 
point b in the reheating be exceeded. 

Tschernoff and Woolwich Arsenal coincide in the treatment 
after forging to be given to the elements for gun steel, ami 
this has led perhaps to the process being adopted by some 
manufacturing firms in other countries. At the Krupp works 
the elements for guns are said not to be hnrdened and tem¬ 
pered. The author has explained in another part of this 
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paper the reasons why tho metal must be subjected to heat 
treatment, and it is not necessary to repeat them here. In 
England and in the United Stales oil is exclusively employed 
os a refrigerant liquid; in France and Spain (Trubia Arsenal) 
water is used. Between hardening in oil and hardening in 
water, the temperature (always above that of transformation) 
being equal, the difference is very considerable, owing solely to 
tho rapidity of cooling. In accordance with the remarkable 
work of Le Chatelier, which forms a very interesting paper 
in the Bulletin do la SoctiU Encouragement pour tIndustrie 
Nationale, No. 9. voL cvi., there is a well-marked difference 
in the rapidity of cooling a piece in water or in oil. This 
was well known from the tiino hardening was first prac¬ 
tised, but Le Chatclicr measured mathematically the rate of 
cooling. He operated with very small pieces, and took into 
consideration the extreme interval of temperature, which must 
be rapidly passed for realising the hardening. Knowing that 
the recalescence phenomenon is never produced on cooling to 
a temperature superior to 700° C., and that the tempering is 
not influenced by temperature down to 700° C., he only took 
into consideration in his experiments the time spent in pass¬ 
ing from 700° C. to 600° C., which time, all the remaining 
conditions being equal, gives a very accurate notion, almost 
mathematically exact, of the rapidity of cooling, and therefore 
of the energy of the hardening. The central part of the 
sample, hardened in pure water, employed 5 seconds in pass¬ 
ing from tho temperature of 700° C. to that of 600° C In 
the oil hardening for passing the same interval 43 seconds 
were required, that is, the timo was seven times longer than 
with tho pure water. It must be said that in this experiment 
of Le Chatelier with oil. the rapidity of cooling was much 
less in the interval of 190" C. to 100 J 0., in which interval 
30 seconds were spent. It is natural that this happens with 
all the refrigerant liquids, but in oil it is much more marked, 
and the explanation is, according to Le Chatelier, that 
during the operation tho oil is decomposed and the gaseous 
bubbles cause a circulation of tho liquid, which must cease at 
the end of the cooling. From these experiments, confirming 
by a scientific method all that was known, it is possible 
1912.—L * 
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to state wliat will be the difference of hardening which two 
elements heated to the same temperature and cooled in two 
liquids, both also at the same temperature, should take. If 
the elements hardened in both liquids were intended for large 
guns, and if they should possess great thickness, there would 
be sufficient reasons for thinking that none of the pieces would 
possess, at the ordinary temperature, the structure which it 
possessed at the beginning of cooling. But surely the piece 
hardened in water should be the nearest to this structure. 
Benedicks, in a paper recently read before this Institute, has 
made experiments on hardening in a manner very similar to 
that of Le Chatelier. He says that the most important factor 
in the rapidity of cooling is neither the conductivity nor the 
specific heat, but the latent heat of vaporisation of the liquid. 
The specific heat has a secondary influence, and it is possible 
to dispense with the heat conductivity. The necessary con¬ 
ditions for obtaining from a given bath an efficacious hardening 
are as follow:— 

(1) A high latent heat at vaporisation. 

(2) A low temperature, in order that the vapour bubbles, 
generated in the surface of tho metal, might be easily con¬ 
densed in tho ambient liquid. Whatever may be the pre¬ 
dominant factor in the rapidity of cooling, tho hardening in 
water will always be more energetic than the hardening in oil. 
Therefore, there is no doubt that the hardening in water will 
require a subsequent tempering, more energetic at a higher 
temperature than would have been necessary if the hardening 
had taken place in oil, in order to enable the metal to stand 
tho tensile and shock tests specified. Really the hardening 
tomperature must lie higher than that of the transformation 
point, so that in submerging the piece in the refrigerant, liquid 
the cooling might begin when the steel is yet at a higher tem¬ 
perature than that of the transformation. At tho Trubia Arsenal, 
in the hardening of the elements for gun construction, water, 
as already mentioned, is employed as refrigerant liquid. The 
hardening plant is shown in Fig. 5. The reheating furnaces 
are vertical, and are heated by gas from three Dowson producers. 
The large fumaco is capable of taking pieces 40 feet in length, 
and has four inlets for the gas, regularly spaced. It is built 
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upon the ground floor, and, as is natural in these conditions, 
the tubes are manipulated through a lateral port, hydraulic¬ 
ally. The second furnace Ls of greater diameter than the 
first, and its length is 26 feet. It is intended for the 
reheating of the B tubes and hoops, also for the tubes of 
the medium guns up to 6-inch calibre. The water tank is 
situated betwoen the two furnaces, and has the dimensions 
stated in the drawing. The water, at the time of the cooling, 
has a temperature of 20° C. A 35-ton overhead travelling 
crane is driven by a rope worked by a steam-engine, and 
serves the whole of the hardening shop. When this plant 
was installed twelve years ago the intention was to use oil as 
a refrigerant liquid, as was the practico at Trubia with all the 
guns manufactured before that date, which did not exceed G- 
inch calibre. In accordance with this idea, four tanks capable 
of containing more than 100 cubic metres of oil wore con¬ 
veniently installed ut the top of the building, under the roof, 
and another four tanks of the same cubic capacity were 
installed at the outside of the shop, and on a level lower than 
the ground floor. The hardening tank is in communication 
with the highor and lower tanks by means of a system of pipes 
which are worked by the necessary puss-valves. A steam 
pump can elevate the liquid, when it is cooled, from the lowor 
refrigerant tanks to the higher, and during the hardening it 
is possible to maintain a constant current of oil in such a 
manner that that of the hardening tank should not take a 
temperature so high that the piece instead of being hardened 
is annealed. 

As is seen from the drawing, the capacity of the shop is 
limited to the hardening of elements for 10-inch guns and 
45 calibres in length. 

The measuring of the temperatures is done by the aid of 
the Le Chatelier thermo-electric pyrometer, registering the 
temperature of the tube or hardened piece at different points 
in order to distribute the heat in such a manner that the 
temperature may be uniform. Undoubtedly the best method 
is that foliowod at Woolwich Arsenal, with the long tubes for 
tho 12-inch guns of 45 and 50 calibres, where four or fivo 
Le Chatelier pyrometers are installed, with registering apparatus, 
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and regularly distributed all along the tube; that is both con¬ 
venient and necessary when operating with tubes for guns of 
54 feet in length, or perhaps more, with the excess length left 
at both ends for the test-pieces. It is really very difficult to 
heat uniformly the long pieces of variable thicknesses, and there¬ 
fore to harden them. The difference of operating as physical 
experimenters do in their laboratories with samples of some 
grammes weight, and of dealing with 15, 20, 25 and 30-ton 
pieces, as is the daily practice of the manufacturers of gun 
steel, is enormous. By carrying out the hardening in the 
ordinary way, the cooling of the metal begins at the insido 
and outsido surfaces at the same time. If the cooling is 
more rapid at the inside the interior layers near this surface 
will be compressed and the exterior layers will be in tension. 
The reverse will hap]>en if the cooling is more rapid at tho 



Fla. 6. 

exterior than at the interior surface. The best condition for 
the resistance of guns is that the first case should occur, and 
then not only will the improvement in the structure dorivod 
from the hardening be obtained, but the steel will be in ideal 
condition for withstanding the pressure of the powder gases. 
Upon such considerations was established the St. Etienne 
process, which consisted in cooling tho tubes on the inside 
only. But this process had the great disadvantage that if 
certainty wus attained that the piece was in the best conditions 
for the resistance of the pressure of the gases, tho uniformity 
of the hardening, and therefore of tho structure duo to uniform 
rate of cooling throughout the whole pioce. was lost. 

If tensions or compressions have been produced the layers 
of metal must be distended or compressed. Knowing the 
tensile characteristics of the metal, it is very easy to measure 
the intensity of the tensions or compressions, as they are 
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of a purely elastic character, and it is possible to plot a 
diagram representing the variation of tensile strength in 
terms of the thickness of the piece. In the ordinary practice 
of conducting the hardening operation in the tubes intended 
for gun construction the result generally is that the outside 
surface is compressed, that is to say, the contrary of what 
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TIME IN MINUTES. 

Fio. Cooling Curve for Ordinary Gun Steel (dub™ steel). 

must be most convenient for the strength of the gun. With 
hardening in water, and dealing with carbon steel of 0*5 per 
cont., the tempering operation is absolutely necessary. Even 
when the piece has been heated and hardened with absolute 
uniformity, and the elastic tension caused by the hardening 
should be tho most suitablo for the strength of the gun, 
the tempering of the piece would be absolutely necessary, 
because the hardness due to the hardening would make 
it very difficult, if not impossible, to machine the piece in 
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ordinary conditions of work, and the tensile, bending, nnd 
dynamical properties would not be in accordance with the 
specifications. In hardening in oil, in nearly all cases, 
tempering at a very low temperature, in order to cause the 
disappearance of the light stresses originated, is sufficient, but 
in water hardening, and with metals of 0‘5 per cent, ot carbon, 
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Fig. 8.—Cooling Curve for Nickel Steel. 

the tempering temperature will be near that of the trans¬ 
formation point. 

Ordinarily that necessary for obtaining the best tensile 
properties is about G00° C. It is clear that if these pro¬ 
perties, after the heat treatment, are deficient from those 
specified, or lower than those required, it would bo necessary 
to submit the piece to fresh heat treatment, raising the 
temperature of hardening and keeping constant that of 
tempering, or tho same result can be obtained by giving 
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the piece a new hardening at the same temperature and 
lowering that of tempering, if, on the contrary, the tenacity 
were higher and the ductility less than required, the results 
can he rectified by giving the piece a new tempering at a 
higher temperature. 


Cooling Curves and M iorostbuctukes. 

Even though the cooling curves of different types of steel 
are well known, the author believes it useful to give in this 
paper those of both types of artillery steel, carbon und 
nickel steels (Figs. 6 and 7), the latter being employed 
in the manufacture of field and medium guns. Owing to 
certain difficulties at the IYuhia Laboratoty, it has not 
been possible to obtain the curves of l*oth steels from tho 
liquid 8tote. The range of cooling is therefore from 1000° C. 
to 500° C. for ordinary steel, and from 950° C. to 500° C. 
for nickel steeL Within this range are found tho trans¬ 
formation points, so important for the proper treatment of 
the metal in all the heat treatment operations. Observing 
first the cooling curve of the ordinary steel, it is seen that 
the cooling is generally in accordance with the well-known 
Newton’s Law, and that tho curve has only a well-marked 
point Ar, at 084 C. At this temperature tho curve is con¬ 
verted into a horizontal line for a length of 20 millimetres, 
indicating 200 seconds or 3 minutes 20 seoonds. Tho tem¬ 
perature is therefore constant during this period, indicating 
oomplete equilibrium ot the two component systems, iron- 
carbon. This is the range during which the solid solution or 
martensite, stable at a temperature above 684° C., is trans¬ 
formed into ferrite and pcarlito constituents, with less than 
0 89 per cent, carbon, stable at a temperature below 084° C. for 
this particular steeL Certainly it would not have been difficult 
to calculate the heat of transformation of this steel, taking into 
account tho weight of the sample and its specific heut. From 
the transformation range the rate of cooling diminishes, in 
accordance also with Nowtun's Law. Nickel steel shows also a 
small point of transformation at 656° C.. the horizontal not 


Plate XXXV 


NICKEL STEEL. 



No. 1.—Annealed at !W C. after forging. 




No. 2.—Hardened at 900* C. in water, and tempered at 580 C. 


jina/yrii. Per Cent. 

Carbon ....... 

Manganese ...... ft'475 

Nickel . 2-207 


Etched with picric acid. 


Magnified 50 diameters. 






















Plate XXXVI 


ARTILLERY STEEL. 



No. 1.—Annealed at 900' C. after forging. 




Analysis. 
Carbon . • 

Manganese . • • 


Per Cent. 
. 0-411 
. (r470 


Etched with picric acid. 


Magnified 50 diameter*. 
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being as well marked as in the curve of the ordinary carbon 
steel. All that has been said on behalf of this is applicable to 
ternary nickel stecL 

Photomicrographs have been taken of both types of steels 
in the states of annealing ufter th_* forging, and of hardening 
and tempering (Plates XXXV. and XXXVI.). 
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DISCUSSION. 

N Oreixek, \ ice-President, said the paper dealt with a very 
interesting subject. At the Cockorill works they were engaged in the 
manufacture of guns, but not of any sixe larger than 8-inch calibre. 
Interesting questions arose in connection with the comparison between 
crucible and open-hearth steel, and it might be that, under certain 
conditions, open-hearth steel would lie equal in quality to crucible 
steel. It was of course necessary that great care Bhotild be taken, 
that first-rate materials should bo used, and that the furnace should 
be capable of working at a very high temperature to give metal of a 
quality equal to that attained by high-class crucible steel. 

There was, however, one theoretical consideration, and that was the 
result due to the boiling of the steel, which seemed to him to be absent 
in the open-hearth process. That important phase was met with in 
electric furnace work, where the temperature of the bath was suffi- 
elently high to cause boding, and there was no doubt that owing to 
that boiling the metal produced was quite equal to crucible steel. 
Dial did not imply that steel made in the open-hearth furnace might 
not be of very good quality for gun manufacture. 

The difficulty of obtaining a sound ingot was recognised, and it was 
not at all easy to line a mould with refractory material which would 
stand the necessary high temperature. Generally the steel cast in 
such moulds wa> liable to be less sound than that cast in iron moulds, 
lie believed that the reason for that wu, that when casting was 

aTd n ^ °n t. 1U f re ! ract " r - v lm **' »~M. crystals formed on .hedges, 
and when the forging was turned dark lines of pearl... or some other 
matermi were revealed, and for that reason he Believe,! it was prefer¬ 
able to cast large ingots in iron moulds. K 

With regard to the question of compression, ns far as his cxaerience 
extendwl, it went to show that the process was a very good one and 
he hud great confidence in the Harmet system ' ® 

There was a reference to the casting of guns direct, at Bofom, but to 

m Very Lirge K un9 hH '> so cast. He recognised 

that with suitable arrangements it might be possible to cast large 

In the T ' “f ^ * ** surmotrated 

were ery great. In the case of a large gun it might be necessary to 

deal with pieces of metal measuring from (»0 to 70 feet in length 'and 

it was not possible to obtain such pieces by casting. Mr Gainer 

illustrated by diagrams various methods of casting at an angle in Tier 

to get nd of the objections arising from excessive pre.-s.Tre L d wcnt 

on to say that he had never himself cast guns i„ P t h a t wai but had 

periu?T^ta were SjTo 

which had to wfttounl foS ETLETinch guL'wiitTtrS 
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velocity of 500 metres per second. A plate simply cast on the incline) 1 
system and afterwards treated like the others had given as satisfactory 
a test as the forged plates. 

Mr. J. M. Gledhtm., Member of Council, said the paper was a 
very interesting one. He was reminded, as one associated with tho 
manufacture of guns, that there wore clauses in some of the British 
Government specifications under which anyone divulging State secret* 
connected with tliatkind of work was lialde to five years’ penal servitude, 
so he had to trend rather warily in that connection. The nuthor had 
given a scientific description of the treatment of forgings, but, if he 
might say so, he was not quite up to date in one point — namely, in 
connection with the subject of cracks in ingot*. Ingots that were 
intended for the production of gun forgings ought not to have 
any cracks; they ought, to he inode with a process that prevented 
cracks, because although an ingot might possess cracks which could 
be removed by machining, there was some doubt as to whether the 
material was even then quite free from enicks. On the principle that 
prevention was better than cure, it was l*etfcer to have a process which 
did not give those serious faults. He was now coming to rather a deli¬ 
cate subject—namely, the Whitworth compression system. His firm for 
the past twenty-five years or more hud only made ingots in refractory 
moulds, and subject to fluid prvssuro, and, as the author said, the less 
they altered the section or form of the ingot that they ware.going to 
produce the better; consequently all their ingots were cast in circular 
section for the manufacture of gun steel. They were all subject to 
fluid pressure, with n total maximum of 12,000 tons on ingots up 
to 125 tons. No turning was done on those ingots at all, hut as 
proving the excellence of the surface, when they were machined to the 
extent of |-inch each side those ingots showed no cracks of any 
kind. With that exception, the paper was excellent, and it was 
evident that they knew something about the manufacture of heavy 
ordnance at the Spanish works. The Institute was indebted for that 
valuable paper, which was of a very special nature. It wus an age of 
big things. There were 25,000 and 30,000 ton battleships, and forgings 
W’ere now made for 15-inch and 10-ineh guns. There were even 
whispers that the next gun was to be 18-in. bore, probably weighing 
150 to 200 terns. 

Mr. W. H. Ei.lis, Member of Council, congratulated General 
CubilJo upon having shown what progress had been made in Spain in 
that most interesting subject. As lie had not previously been able 
to read the paper, he did not feel able to speak very fully thereon. 
Alluding to Mr. Gledhill's remarks, Mr. Ellis said he had had con¬ 
siderable experience in working Whitworth fluid-compressed ingots, 
and all the ingots of that character which be had worked with had 
been mast satisfactory. He did not want Mr. Gtedhill or other 
members to feel that the Wliitw'orth fluid process, which was so early 
introduced, commanded the field altogether; and he thought that tho 
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author had not quite done justice to the Harmet system in the some¬ 
what slight allusion he had made to it. Mr. Gledhill alluded to 
ingots of far more weight than were dealt with by the Harmet process, 
and the Harmet process was only excellent in relation to ingots of 
moderate dimensions, because, unfortunately, the curve of pressure 
wont up very largely relatively to the weight of the ingot, and it was 
problematical —it was certainly not proved at present—what weight 
of ingot could be produced satisfactorily by the Harmet process. He 
doubted whether it could deal with a 60-ton ingot, much less the 
120-ton ingot referred to by Mr. Gledhill. If the author, while in 
Great Britain, made further inquiries ns to the progress which had 
been made with tho Harmet system, he would probably find that it 
was confined to gun work where the ingots did not exceed 30 tons in 
weight. ^ The author stated that when casting under ordinary eon- 
ditions it was possible to utilise from 75 per cent, to 80 per cent of 
the ingot, while with compression it was possible to utilise 00 per 
cent He agreed with the latter statement, but he did not agree that 
anybody in Great Britain, or in any other country so far as he knew hail 
found it possible to utilise 80 per cent of the ingot made under ordinary 
conditions with work of such a high-class nature as gun work. It was 
that very fact which had necessitated the introduction of such methods 
as the fluid process, the Harmet and other processes, for the purpose 
of enabling the larger percentage to be doalt with. He thought the 
author wyis far too sanguine in naming that figure 


>tr. A. J. Caph ok (S heffield) and that without going fullv into the 
question of the merits of the compression processes on the quality of 
the stoe! there was one practical advantage following the use of the 
Whitworth the Hurmet or the Jessop method when dealing with 
ingots of the sue referred to by Mr. Gledhill which he would like to 
emphasise The point he desired to make was the greater percentage 

1 T to T !* Wlnch Mr * KlU * & referred. Tkt 

had the further advantage of reducing the total weight of metal which 

had to be dealt with. and was a practical advantage quite apart from 
the actual improvement in the quality of the steel itself. 1 


The I hesidlnt, in proposing a hearty voto of thanks to the author 
for his paper, pointed ont that General Cnbillo had mode a journey 
from bpaiu in order personally to present the paper to the Institute. 

discussicuu" 1 W0Ul rCP 7 ^ Wntillg ^ in 
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hearth process it was possible to obtain a steel for guns fully equal, 
sis regards high quality and excellent mechanical properties, to that 
produced by the crucible process, provided that care was used to 
select only the purest possible raw materials, and to conduct the 
operation in as careful a manner as that prescribed in the paper, in 
order to obtain perfectly sound ingots free from gases. The subse¬ 
quent process of hent treament was, of course, the same whichever 
system was employed. The reason why details of the tensile tests 
to which steel for guns was subjected were not categorically stated 
in the paper, was that the testing methods practised in different 
countries differed little from one another and were well known. 
Latterly, the test-bars for tensile and impact tests had been taken 
across the grain of the parts and not in the longitudinal direction of 
the grain, the reason of course being that the maximum strain which 
guu tubes had to resist was a tangential one. The author was 
entirely iti accord with wlmt Mr. Greiner said with regard to 
the great difficulties of casting tubes and other elements of 12-inch 
guns, especially the internal tubes, which were of the same length as 
the whole gun. He was unable, however, to offer any explanation as 
to how they overcame that difficulty at Bofors with smaller guns qf 
21 and 21 centimetres calibre. Neither had he had any experience 
in tho practice of casting plates for armoured ships at an angle, 
although he thought such a method would certainly be possible by 
making use of large sinking beads at convenient distances apart. 

In reply to the remarks of Mr. Gledhill, he was of opinion thnt 
cracks were not cansed by subjecting the ingots to fluid compression, 
but he was unite certain that by taking the precautions indicated in 
the paper absolutely sound gun tubes could be produced. If the 
cracks could not be got rid of by means of the pneumatic hammer 
before finishing the forging, it would ho necessary to interrupt the 
forging operation for the purpose of removing them with the shears, 
or by means of a cutting tool under t he press. With regard to fluid 
compression, the author reaffirmed that he was convinced of its 
advantages solely from the point of view of economy and as a 
means of getting rid of cracks. The compression of the ingots in 
the fluid state did not improve the physical and mechanical properties 
of tho steel, so far as was known, and uo one could affirm that it did, 
without first milking tests on two ingots of the same chemical com¬ 
position which had undergone the same heat treatment, one of them 
having been compressed in the fluid state and the other allowed to 
cool in the ordinary way. Until the question had been proved in 
that way, ho saw no reason to change his views. Lastly, Mr. Gled- 
liill himself, in discussing Mr. Lambert’s paper read before the 
Institute in 1908, plainly declared that the chemical composition of 
large steel ingots for forging tubes for big guus differed at the two 
ends of the ingot, and thnt tlrnt was due to segregation phenomena. 
Since Mr. Gledhill was undoubtedly referring to ingots which had 
been subjected to fluid compression, he plainly inferred thnt ingots 
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absolutely homogeneous throughout their length could not be obtained 
by compressing the steeL 

W ith nsjiect to Mr. Ellis’s remarks, he wan convinced that by the 
proper use of deoxidising agents in the bath, whether added by them¬ 
selves or in the form of an alloy of silicon, aluminium, or manganese, it 
was possible to obtain the ingots without blowholes, of which 75 to 80 
per cent, of the whole could be utilised. On the occasion of his visit 
to the large works at Sheffield, lie had observed that they were casting 
many ingots in the same manner as practised at Tmbia, and that 
they were not using fluid compression. He hnd not seen there a 
single ingot intended for the manufacture of annour-plnte which had 
been compressed in the fluid state. He had to offer the same 
observations in reply to Mr. (.'apron's remarks with regard to fluid 
compression. The only advantage derived from the operation was 
the greater economy of material, und it would be necessary to confirm, 
by means of practical experiments which would leave no room for 
doubt, the question as to whether any improvement in tho physical 
and mechanical properties could he effected by liquid compression. 
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STEAM-ENGINES FOR DRIVING REVERSING 
ROLLING-MILLS. 

Br JOHN W. HALL (Birmingham!. 

A steam-engine working a largo reversing mill has to perform 
the most severe duty demanded of any engine. 

To drive the rolls fast enough to finish long lengths at a 
single heat, the piston must run at the highest rate possible. 
To attain this speed promptly, there must be a sufficient 
reserve of power to impart to the crank-shaft immediately 
after starting a twist about twice as great as that needed to 
run the engines up to full speed, at which they will develop 
close upon 10,000 horse-power. 

The engine must be under such perfect control that it can 
be kept creeping round until the rolls bite the piece to be 
treated; it must stop instantly when tho piece leaves the 
rolls, and must reverse at once to take it back again ; it must 
gather full speed so promptly that during the last few passes, 
when the section has become so thin as to cool rapidly, it can 
bo got through the mill before it becomes so bard from loss of 
heat as to damage the rolls. 

To ensure promptitude in starting, stopping, and reversing 
the revolving weights must be low and the steam pressure 
high, and yet the reciprocating masses must be light, or their 
weight will produce dangerous shoeks. 

The engines employed for the work usually have pistons of 
about 48 inches diumeter. with a stroke of about 5 feet, and 
make about 120 revolutions per minute. 

At the beginning of each stroke the reciprocating parts, 
consisting of the piston with its rod cross-head and connecting 
rod, by reason of their inertia, offer a great resistance to move¬ 
ment. The pressure must be high enough to overcome this, 
and to give them, in one-eighth of a second, a velocity of 31*4 
feet per second, whioh gravity would neod nearly a whole 
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second to impart, did they fall freely in space from a height 
of nearly 16 feet. The initial pressure necessary to do this is 
about 120 lbs. per square inch. The momentum imparted 
must then be absorbed, and the parts brought to rest in 
another one-eighth of a second, or a violent blow will be 
struck on the crank-pin and passed on to the crank-shaft 
hearings, wasting much power in mere destructive hammering 
of the brasses. 

The slowing down is best effected by closing the exhaust 
port at a fairly early period of the stroke, so as to confine, be¬ 
tween the rapidly advancing piston and the cylinder cover, as 
much as possible of the exhaust steam still remaining in the 
cylinder from the previous stroke. This is compressed into 
the p>rt and clearance space, where it will replace an equal 
weight of live steam, which otherwise would havo to be taken 
from the boiler. In this way tho piston returns energy not 
utilised in overcoming the resistance of the mill, and stores it 
for use on its return stroke. The cushion of steam reduces 
the knock on the pin when the crank turns the centre, and if 
compression can be carried so far that the cushion pressure is 
as high as the boilor pressure, tho whole oT the surplus energy 
is recovered. 

Now if the engine exhausts to the atmosphere the steam 
remaining in the cylinder may have a pressure of about 2-3 
lbs. higher, or 1 > lbs. absolute, which will rise in pressure to 
68 lbs. when compressed into one-fourth of the space. But if 
the engine exhausts into a condenser the pressure remaining 
in tho cylinder will be only about 2*3 lbs. above the vacuum 
in tho condenser, or say 5 lbs. absolute; and when compressed 
into one-fourth of the space will rise in pressure only to 20 
lbs. per square inch, which will provide a very poor 'cushion 
to bring the piston to rest. 

Nor in this instance is tho economy obtainable by using a 
condenser very great. Tho temperature of steam at a boiler 
pressure of 120 lbs —say 135 lbs. absolute—U 350° at 68 lbs. 
300 , at 20 lbs. 228°, at 17 lbs. 220°, and at 5 lbs \ 6 »° F 
—aUolute pressures in each case. Steam then entering the 
cylinder of an engine exhausting to the atmosphere finds the 
piston, cylinder cover, and port in contact with steam at a 
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temperature of 300° F., while no portion of the cylinder has 
been exposed to a temperature boluw 220° F. 

But steam entering the cylinder of an engine exhausting 
into a condenser fiuds the piston, cylinder cover, and ports in 
contact with steam of only 228° F., while parts of the cylinder 
have been exposed to a temperature as low as 102° F. 

In the case then of the condensing engino initial condensa¬ 
tion will be considerably greater, and more steam must be 
taken from the boiler to fill the clearance spaces. Conse¬ 
quently a condenser, though increasing the power of such an 
engine, increases also the weight of steam used, so that the 
consumption per horse-power will not be much less, but the 
wear and tear will be much more. 

To reduce the range of temperature compound engines are 
somet imes employed. Suppose that between the boiler and 
each 48-inoh cylinder of a reversing engino we place a 
30-inch cylinder, into which the steam from the boiler is 
first admitted. With the simple engino, at the moment of 
reversal, the full boiler-pressure can be thrown on to the 
48-inch piston, which has an area of 1810 square inches, but 
with the compound engine this pressure can be thrown only 
on to the 30-inch piston, which has an area of only 707 
square inches. Consequently the margin of power necessary 
for quick reversal is wanting. To ensure as prompt starting 
as in the case of the simple engine the cylinders would 
need to be nearer 40 and 64 inches in diameter, and this 
would nearly double the cost of the engine and its main¬ 
tenance. 

Methods are in use for banking up the steam in the receiver 
between the high- and low-pressure cylinders of a compound 
reversing engino for use at the moment of reversal, but such 
devices are not very effective. The economy of the compound 
over the simple reversing engino has not been very marked, 
and has been largely duo to the fact that every time an engine 
is reversed a cylinder full of steam is thrown away. In a 
compound engine tho steam from the low-pressure cylinder is 
wasted, but that from the high-pressure cylinder is caught 
and used up in the low pressure. When the steam can be 
used up in this way in a turbine the compound engine would 
1912.—L ' V 
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not. seem to afford a saving of steam sufficient to justify its 
additional cost and complication. 

While, therefore, it is not advisable to exhaust from a 
reversing engine direct to a condenser, the same objections do 
not apply to exhausting at almut atmospheric pressure into a 
turbine, which can utilise this exhaust steam and itself dis¬ 
charge into a condenser, extracting from the exhaust steam 
about as much power as the engine has already got from the 
live steam. 

This becomes possible because the heat in the steam is the 
cause for, and the measure of, its power to give out mechanical 
work, the energy from it being due and proportionate to the 
fall in temperature which occurs when steam is expanded in 
the engine, whether of tho piston or turbine typo. 

Now steam at 120 lbs. boiler-pressure has a temperature 
of 350 F., and if rejected by the piston engine at just over 
atmospheric pressure, or 230° F., tho onginc cannot possibly 
convert into work more than 120° fall in temperature. If 
this steam is then passed through a turbine which can further 
expand it down to the temperature of the condenser, which is 
about 130 F..^the turbine is then turning to account a further 
range of 100 . which otherwise would have to be wasted, 
liecauae no piston engino can usefully expand steam much 
below five-sixths of atmospheric pressure. To do so the pistons 
would have to be of impracticable size and cost, while the 
friction caused by them, together with tho loss of heat when 
such enormous surfaces were subjected to wide variations in 
temperature, would neutralise any gain theoretically obtainable 
by such high grades of expansion. 

The turbine, on tho other hand, has only one rotating part 
carried in two bearings, so that the mechanical friction is 
very low, the flow of steam through it is always in one 
direction, and therefore there are no losses induced by alter¬ 
nate heating ami cooling; there are no clearance spaces to be 
filled up. there are no reciprocating pieces to set up inertia 
or momentum stresses, and therefore the speed of the blades 
is not limited to a maximum of 1900. but may reach over 
19,000 feet per minute. This materially reduces the size 
and cost of tho apparatu& 
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Still the turbine is not usually as efficient at high pressures 
as the piston engine. A well-fitted piston allows very little 
steam to pass it ut any pressure, but the percentage of leakage 
through the clearance which must bo left between the tips of 
the blades anti the casing of a turbine is a serious matter 
at the high-pressure end, where the blades are short, though 
much less at the low-pressure end, where the blades are long 
and the pressure lower. 

Hence tho piston engine is most efficient at high pressures, 
but the turbine at thoso below the atmosphoro, the combina¬ 
tion comprising tho host qualities of both types of prime 
mover. The exhaust turbine removes the only objection to 
the simple reversing engine namely, its high steam con¬ 
sumption. but leaves its good qualities, its simplicity, and 
low first cost, and its amenability to prompt handling and 
rapid increase of speed all unimpaired. 

Figs. 1, 2, 5, 6, 9, 10, 13. 14. 17, 18, 21, and 22 are the 
indicator diagrams obtained from such an engine having a 
clearance space of 10 per cent, of the volume swept out by 
tho piston—the smallest obtainable with piston valves— 
working with a pressure at the steam-chest of 120 lbs. above 
the atmosphoro, and with the steam cut off at various points 
of the stroke. Tho mean speed of tho piston is 1200 feet 
por minute, and tho weight of the reciprocating parts 4| tons 
per cylinder—a fair avorago for such pieces. Figs. 1 to 10 
arc for the engine when non-condensing, and Figs. 13 to 22 
when condensing. 

To allow for the influence of the inertia and moment um of 
the reciprocating parts tho lines A B are drawn across each 
diagram ; they are curved to allow for the irregularities in 
velocity introduced by a connecting rod of tho common length 
—five times that of the crank. 

By taking the difference of pressures shown by the indi¬ 
cator to exist on the two sides of the piston, and deducting 
from this the height of the inertia curve when above, and 
adding the depth when below the line, there are obtained tho 
diagrams Figs. 3, 4, 7, 8, 11, t2, 15. 16, 19, 20, 23, and 
24, shown cross-hatched below each indicator diagram. 

These “ equivalent pressure ” diagrams are most convenient. 
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On them the resistance induced by inertia is subtracted from, 
and the assistance induced by momentum is added to, tho 
force produced by the steam. Then by multiplying the 
“ equivalent pressure " answering to any point in the piston’s 
travel by the effective leverage of tho crank at the same 
instant, the tangential twist actually exerted on the crank 
shaft is accurately known, whatever may be the position of 
the crank. 

The above method is doubtless familiar to all making a 
serious study of the steam-engine, but it may be as well 
to point out how clearly this graphic method proves that 
the condenser, by reducing tho pressure of the exhaust steam, 
impairs the cushion required to bring the piston and its 
attached parts quietly to rest. In Figs. 25 and 26 tho equiva¬ 
lent diagrams for a cut-off at one-sixth of the stroke when 
non-condensing are superposed on the diagram when con¬ 
densing, and the difference between them is cross-hatched. 
Instead of the pressure upon tho crank-pin decreasing, it 
increases towards the end of the stroke, more particularly 
on tho return stroke, in which, owing to the angle of tho 
connecting rod, the speed of the piston is greater during 
tho fourth than it was during the third quadrant traversed 
by the crank-pin. The motion of the piston of an engine 
exhausting into a condenser is that of the foot of a cyclist 
who stamps on his pedals instead of reducing the pressure 
as his foot nears the bottom of the stroke. 

The earlier in reason tho steam can be cut off the less 
of it will tho engine use. But if the valve gear is so arranged 

that steam cannot be carried very far in tho stroke, there 

must be many positions in which, when tho engine is stopped, 
steam admitted to the steam-chest cannot find its way into 
the cylinder because the vnlves block the ports; or, if the 
steam can got in, the position of the crank is such that there 
is not sufficient purchase to turn the shaft round. 

The case of an engine having two cranks set at an angle of 
90° from each other is shown in Fig. 27. The upper part 
exhibits the effort w r hich the steam can exert on the crank 

to start the engine from the state of rest in any position, 

with valves set to cut off at a maximum period of three- 
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quarters of tho stroke. In practice this is found the earliest 
point in tho travel of tho piston to which it is p»ssiUo to 
limit t.he admission in an engine with only two cylinders, 
if such on engine is to start promptly. This allows a minimum 
starting effort of 190,000 foot-pounds in any position in which 
the engine may chance to stand. 

Fig. 28 shows that if a third cylinder be added, and the 
cranks are spaced at an angle of 120° apart, tho valves may 
then be set to limit the admission to half stroke, anil yet there 
will be an effort of 190,000 foot-pounds available for starting 
the engine. The saving in steam due to limiting the maxi¬ 
mum cut off to half instead of to three-quarters of the stroke 
will bo alxjut 30 per cent, at the latest cut off, when the 
consumption of steam is highest. 

The turning moment of the three-cylinder engine when 
running is also much improved. At high speeds, when 
shocks are most detrimental, tho variation between the 
maximum and the minimum turning efforts is as 2*2 is to 
1 in the two-cylinder, but only as 1*5 is to 1 in the three- 
cylinder type. The running at slow Bpeeds is also bettor, 
because the weight of the tliree cranks balance each other 
in any position, and there is none of that tendency to “ hang 
displayed by two-cylinder engines when both cranks come 
to the bottom. 

With two cranks at right angles tho centre of gravity 
of the cranks, pins, and connecting rods is situated at a 
considerable distance outside the axis of the crank shaft; 
at high speeds this sets up a large unbalanced force tending 
to move the engine as a whole upon its foundations, which 
must be massive to absorb the vibration. With three cranks 
spaced equally there is no such unbalanced force tending 
to move the engine as a whole. 

True, both these defects of the two-cylinder engine can !>e 
counteracted by balance weights, but as these add consider¬ 
ably to the revolving weights, they make the engine more 
sluggish in starting and less prompt in stopping. 

From every point of view, then, tho three-cylinder engine 
is superior to the two-cylinder, and its very general adoption 
of recent years is not therefore surprising. 
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Reversing engines, which ore none too large to start quickly, 
all have such an excess of power when at full speed that, 
though the valve gear is linked up, the engines run away 
unless the steam is throttled down from boiler pressure, 
involving considerable loss by *' wire drawing." 

On considering the defects of existing reversing engines it 
occurred to the writer that by still further multiplying the 
number of cylinders and reducing their capacity, the starting 
effort, could be increased and the full boiler pressure utilised 
much later in the run, with a saving of steam both at com¬ 
mencement and finish. 

Fig. 29 shows the working of an engine having five cylin¬ 
ders 36 inches diameter by 36 inches stroke, the combined 
capacity of which is 44 per cent, less than that of three 
cylinders 48 inches diameter by' 60 inches stroke, and 15 per 
cent, less than that of the two-cylinder engine of that size. Yet 
the minimum starting effort of the five-cylinder engine is 42 per 
cent, greater than that of the three, and 37 per cent, greater 
than that of the two-cylinder engines with huger cylinders. 

But apart from tho saving in steam which this would effect 
the shorter stroke of the five-cylinder engine would permit of 
its being run at 200 revolutions, without exceeding the piston 
speed of the larger engines, running at 120 revolutions, so 
enabling a larger output to be obtained from the mill. 

Also the turning moment obtained from the five-cylindor 
engine, as shown in Fig. 29, is so nearly constant that the 
maximum stress on tho crank-shaft, the spindles, and rolls is 
25 per cent, less than with the two-cylinder, and 29 per cent, 
lower than with the three-cylinder engines. 

The cranks also balance each other against gravity in rfny 
position, just as in the case of a three-cylinder engine; so that 
there are no unbalanced forces tending to move the engine as 
n whole on its foundations, and the local unbalanced force 
may be materially reduced. By placing the two adjoining 
cranks, not at 72° apart but at 144°, the weights concen¬ 
trated at the crank-pins go a long way towards balancing each 
other, the disturbing couple being situated at a distance of oidy 
5'56 inches from the centre of the crank-shaft, whereas in the 
three-cylinder engine the couple tending to shake the bearing 
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between the two cranks will be situated at 15 inches from 
the axis of the shaft; and as the centrifugal force is propor¬ 
tional to the square of the speed, the disturbing force, at the 
same number of revolutions, with the five-cylinder engine 
will be as 31 is to 225 in the case of the three-cylinder engine 
—only about one-seventh as great—supposing the weights 
for both engines were alike, whereas the connecting rods of 
the five-cylinder would bo appreciably lighter. 

In addition to these advantages, the first cost of five engines 
with cylinders 36 inches diameter by 3 feet stroke would 
not be more than about three-fourths of that of three engines 
having cylinders 48 inches diameter by 5 feet stroke. 

The cost of the spare parts to be kept in stock in caso of a 
breakdown would also be reduced by about one-half; and if 
the five sections of the crank-shaft were made all precisely 
alike, as could be easily arranged, only one-fifth of a crank¬ 
shaft would be needed to insure immunity against having to 
wait while a new crank-shaft was being made to replace a 
broken one. Indeed there would probably be very little diffi¬ 
culty in r unnin g with four cylinders only for some considerable 
period if desired. 

The most marked advantage, however, would be in the case 
of a plant containing cogging, roughing, and finishing mills. 
In this case the keeping in stock of a complete spare engine, 
evon down to the cylinder and bed-plate to renew any one 
broken, would only add one-fifteenth to the whole cost of the 
three sets of engines, and by making the parts interchangeable 
a damaged engine could be literally lifted out and a new one 
dropped in its placo without stopping the plant for more than 
a few days. 

There is one further point to deal with, namely, the steam 
pressure. 

The higher the pressure against which the engine exhausts 
the more efficient is tho cushion. There seems no reason why 
the common pressure of 120 lbs. should not be materially 
increased now water-tube boilers are available. The writer 
lias had several engines, for the design of which he is respon¬ 
sible, working for some years now with steam of 200 lbs. 
pressure superbeatod 150° F., and has experienced no trouble 
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whatever with them. Pressures of 250 and 265 lbs. have 
long been common in the navy; and there seems no reason 
whatever why steam of 300 lbs. pressure, superheated 150° F., 
up to which temperature no difficulties arise, should not be 
regularly used in reversing engines. 

Fig. 30 shows the theoretical diagrams worked out for a 
reversing engine with a clearance space of 15 per cent, start¬ 
ing with a boiler pressure of 300 lbs. and exhausting against 
a pressure of 80 lbs.; then, allowing for a loss of 15 per cent 
in transfer, this steam is shown erpandod down in an engine 
having a clearance space of 10 per cent, (easily obtainable 
when engines are not required to revorse) expanded three 
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requiring 30 lbs. of steam per indicated horse-power when 
exhausting against a pressure of 80 lbs. per square inch, would 
afford a continuous output of 6416 indicated horse-power 
hours. 

Allowing that this exhaust steam would lose 15 per cent, in 
weight by condensation, Ac., and drop 5 lbs. in pressure, there 
would lie left 163,625 lbs. of steam at 75 lbs. pressure to 
supply blast. Engines worked by this steam, which would 
yield one indicated horse-power for every 31 lbs. of steam 
when dis c har g ing at a little above atmospheric pressure, would 
provide 5278 indicated horse-power for blowing the blast¬ 
furnaces. Tho blast required would be about 4,875,000 cubic 
feet per hour, or 81,250 cubic feet of free air per minute, to 
compress which to 8 lbs. pressure per square inch would 
require about 32§ nett indicated horse-power per 100 cubic 
feet, or 2641 indicated horse-power. Blowing-engines having 
a mechanical efficiency of 85 per cent, and a volumetric effici¬ 
ency of 90 per cent, (giving an over all efficiency of 70} per 
cent.) would absorb in this work 3452 indicated horse-power, 
leaving a margin of 1826 indicated horse-power to meet 
contingencies. 

Deducting 5 per cent, leaves 155,444 lbs. of exhaust steam 
from these engines, which would produce, in an exhaust 
turbine capable of generating one electrical horse-power for 
30 lbs. of steam. 5181 electrical horse-power for the supply of 
current for the various purposes for which power is required 
about a works. 

Seeing there would be only one set of boilers and one set ol 
condensing plant for the three departments—the blast-fur¬ 
naces, rolling-mills, and general electric supply—whilo all the 
engines would be of simple pattern, the first cost of such plant 
would be extremely moderate and the working costs very low. 

It may be interesting to compare this proposed method of 
working with that of doing tho same work by gas-engines, 
taking 1000 cubic feet of gas to produce 11J indicated horse¬ 
power. The gas-blowing engines, to be capable of producing 
the same power as before, namely, 5278 indicated horse-power, 
would require 458,956 cubic feet of gas; to provide electric 
current equal to 5181 horse-power would require 7200 indi- 
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eatod horse-power, consuming 626,087 cubic feet of gns; and 
taking the over all efficiency of an Iigner set at full load at 
60 per cent., or say 55 per cent, average, there would bo 
required 11,665 indicated horse-power to drive the mills, 
consuming a further 1,014.434 feet of gas, making in all a 
total of 2,099,4 i 9 cubic feet. This would leave a surplus of 
1*750,521 feet of gas available for some other purpose. 

Against this, however, would have to be set the interest, 
depreciation, nnd wear and tear of the gas-cleaning and elcotric 
plant and gas-engines, and the higher amount of wages neces¬ 
sary to clean, work, and tend them. 

Which of the two systems would, on the wholo. be the 
cheaper to run would depend upon the price obtainable for 
the surplus power. 
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DISCUSSION. 

Mr. A. Lahbkrton. Member of Council, said he thought the author 
hod made out quite a good case for his proposal to use multiple- 
cylinder high-pressure engines in combination with low-pressure tur- 
binos, but it was well to bear in mind that all such matters hud to be 
considered on their individual merits, and he could conceive many cases 
where it would not be the best arrangement to use an uneconomical 
engine as the prime mover with a view to obtaining a higher economy 
at a later stage. In many cases ho thought it might prove to be the 
truer economy to use compound condensing engines as the prime 
mover, and develop no more power than that required to drive the 
mill. If, however, the circumstances were such that in an installation 
such as proposed by the author the whole power recovered in the 
exhaust steam-turbine could be profitably used in the works, the total 
efficiency of such a plant would bo very satisfactory indeed. 

With’regard to the author’s proposal to use high-pressure engines 
having five cylinders, instead of the usual two or three cylinders, the 
advantages claimed for that arrangement were undoubtedly consider¬ 
able, notably hi regard to the limiting of the variations in the torque 
diagram, whilst at the same time giving nn improved starting torque. 
He could not, however, agree with the author that the cost of such a 
five-cylinder engine would not be more than three-fourths of a two or 
three” cylinder engine of the same starting power, because, although 
the total weight might be somewhat reduced, the total amount of 
work would be very considerably greater; but this was u matter that 
could only be determined by making a design, and carefully estimating 
the weights and work entering into such. Apart from that, he had 
some doubts as to whether the author was attacking tlio problem at 
the right end. The great advance which had taken place in steam 
engineering during the lost few years— particularly in regard to com¬ 
pound steam-turbines working with superheated steam, in which the 
highest efficiency yet recorded in steam prime movers had been realised 
—suggested that the use of such turbines as the prime mover would be 
the ideal way of attacking the problem if reversing of the mill could 
be satisfactorily accomplished. There had been various arrangements 
designed for effecting that reverting of the mills whilst using a high- 
efficiency continuous-running motor, and one of the most interesting 
which be had a knowledge of was that proposed by Dr. Fottinger, 
termed the ‘‘Hydraulic Transmitter.” Broadly speaking, that gear 
consists of:— 

(1) A high-efficiency centrifugal pump driven from the prime 

mover shaft; anil 

(2) A water-turbine fixed to the shaft to tie driven. 

The power water from the centrifugal pump was directed against 
the vanes of the water-turbine, and the connection between the prime 
mover and the driven shaft was therefore purely an hydraulic connec¬ 
tion. When the driven shaft required to be reversed, that was accom- 
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pliabed by a suitable valve turning the power water on to a second 
set of vanes set at the opposite angle, and motion in the other direction 
was thus produced ; and that reversing of the direction of rotation 
was accomplished very quickly and without shock. 

It might not be known to members of the Institute that that 
hydraulic transmitter had been at work on board steamers for the 
lust two years, and an efficiency of 85 per cent hail been steadily got 
from the apparatus. That was a very good result to be got by practi¬ 
cally the first installation that hail l>een made, and seemed to justify 
the hope that higher efficiencies would yet be realised when the 
improvements that experience suggested had been made. 

. ^ * n apparatus as that could be successfully upplied to revers¬ 
ing rolling-mills, it would lead to great economy in enabling continuous- 
running prime movers of the highest efficiency to be used; but that 
was a matter that was not yet determined, although the inventor had 
good bopo that he would succeed in that. The driving of a reversing 
rolling-null, however, was a very different problem from that which 
was involved in marine work, because the highest starting torque was 
called for whilst the mill was at rest; and it. would be interesting to 
see how Dr. iottinger would succeed in handling that problem, and 
what effie.ene.es his apparatus would realise under those conditions. 

In conclusion, he congratulated the author upon the very interesting 
and valuable paper be had submitted. 

Mr. A J Capbon (Sheffield) said that he onlv wished to raise one 
and that wm, with regard to the comparison between the th. ee- 
cylmdcr and the five-cylmder engine. The comparison made by the 
author did not seem to be quite a fair one, as the average tuning 
moment of the five-cylinder engine was very low compared with the 
three-cylinder engine, the minimum starting moment being about the 
same in both cases. 6 

Mr. J. H Hakribos (Middlesbrough) thought that the proposal 
to multiply the cylinders of the rolling-mill engine was hardly i.fthe 

^ » m “ hl P L llwl 1111 the moving and wearing parts, 

and led to the suggestion that there would be more upkeep and more 
wear and tear of various kind* It would in the long run militate 
against the idea of using five cylinders instead of three Quite apart 
from that, there was the question of taking up greater snare and 
space m rollmg-m, 11s was not often available, Mr DunbSten had 
questioned Mr. Hull s remarks that a five-cylinder engine of similar 
power would cost loss than a three-cylinder/and but for the fact that 
presumably Mr. Hall had gone into the n.atter, he Has surnrLd that 
the comparison was so good. The author also mentioned in the paper 
on example of using steam at high pressure in these five cytiX 

rfX.X TV 7 r ,a b r ti0D ,0 stea '“ 300 lbs. and\uper- 
heated loO . That should he just as feasible and possible in a 

rollmg-m ill engine as ,n a marine engine, hut he was not sure that 
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it was possible to get the same class of attention in a rolling-mill 
engine that would be given to engines which were more directly 
under the supervision of men of high calibre. The author also spoke 
of evaporating 50 lbs. of water per 1000 cubic feet of gas, but he 
hardly thought be would get as much as that. That, however, 
did not concern the question very much. The author also spoke 
of generating in exhaust steam-turbines with 30 lbs. of steam per 
electrical horse-power. He did uot mean to criticise the figures too 
much, but he wished to infer that Mr. Hall had taken rather opti¬ 
mistic figures in the example he had given. Apart from that it 
meant that they must have entirely new engines for the rolling-in ill, 
and it was not often they had an opportunity of putting in such 
engines. More often it was a matter of putting in new engines 
upon ground already occupied by others of smaller size, and in that 
event they would be at a disadvantage in the case of mills at present 
working. It was no use spending money on large new engines and 
plants unless there was some market for the surplus output of electric 
power. If there was no market for that there was no need to go 
to great expense to get it. 

Mr. Walter Dixov (Glasgow) said it bad hitherto hecn con¬ 
sidered that the only practical method of dealing with exhaust steam 
was that of juissing it through a turbine, for, as the author had said: 
“No piston engine can usefully expand steam much below five- 
sixths of atmospheric pressure. To do so the pistons would have to 
be of impracticable size and cost, while the friction caused by them, 
together with the loss of bait when such enormous surfaces were suls 
jected to wide variations in temperature, would neutralise any gain 
theoretically obtainable by such high grades of expansion.” He 
thought it would be interesting to those present to know that such 
a statement, though generally accepted, was not universally accepted, 
and that there were at present at work on the Continent several hori¬ 
zontal piston engines of over 1000 horse-power running on exhaust 
steam, and that such engines had been built by an imjiortant engineer¬ 
ing firm for important works, and the claim had been made thnt on 
the score of economy and first-cost, such engines compared favourably 
with the turbine. 

Mr. A. (iREtXKR, Vicc-l*resident, soid he would like the inventor of 
the Fdttinger apparatus to give the Institute some details about it, 
as it undoubtedly had a great future lief ore it. His firm (< 'ockerill 
at Seraing) was building at present a boat with two Diesel oil-engines 
of 600 horse-power each. They were to be run at 340 to 360 revolutions 
per minute, which was too much for the screws. The screws were to 
run at from 60 to 75, and never more than 90 revolutions per minute. 
The Fdttinger apparatus was placed between the oil-engines and the 
screws, and experiments carried out at the Vulcau M orks at Stettin, 
under the supervision of Mr. Fdttinger, had proved that the loss of 
power between the motor and the screw was not more than 15 per cent. 

1912.—L z 


354 


DISCUSSION OX HAULS PAPKR. 


This was a vary good result, when the increased facility which the 
apparatus gave in stopping and reversing was token into account. 
There was only one controlling lever, and the apparatus enabled the 
Diesel engines to be run at a constant speed of about 340 revolutions 
per minute, while the screw could go slowly or quickly according to 
needs. The ship was not yet finished, but, judging from the experi¬ 
ments he bad witnessed at Stettin, he did not seo whv the Fottinger 
system could not be used successfully for rolling-mill work, in connec¬ 
tion with reversing engines. 

More than thirty-five years ago hu made the acquaintance of 
Mr. Menelaus at the moment when he was changing his beam- 
engines at Dowlois, because he found they were not running fast 
enough to roll rails of the great lengths Which were required at 
the time, and the difficulty was how to replace those old-fashioned 
beam-engines by reversing ones, lie (Mr. Greiner) came to England 
with one of his foremen, and saw that everywhere the same type 
of geared engine was in use. He believed it was the original type 
of reversing engine designed by Itamsbottom. When he came to 
Dowlnis ho asked how they proposed to alter the engine there. They 
would not teU lam, but when they left the works his foreman and he 
came to the conclusion tliat there was no reason whv a mill should 
not be driven direct from the steam cylinders, just as a locomotive 
or a pa.ldle.ship was, and they knew that in the neighbourhood of 
Dowlais there was a works in which rolling was done by means of an 
ol,l engine with two inclined cylinders, token out of a steamship. 
They did not see that engine, but went home with the idea that what 
was possible in slops should also be possible for rolling-mills, if ll.ev 
could give sufficient strength to the crank shaft, the calculations of 
which was scarcely understood at the time. However, they succeeded, 
and the first engine they built gave very good results. Since then 
they bad built many reversing engines for other manufacturers Ho 
did not see why, if engines ships could be controlled by such an 
apparatus as the Fottinger transformer, that apparatus could not also 
lie used in the case of rolling-mills. 

Mr. T. C Hltcuiskox (Skinningrove) said some reference had been 
made to boiler efficiency, because steam effiri„r,rv i i . 
on boiler efficiency. With regard to the boiler which wns'Vhe in- 

rT the^woriuThe ^ 1 

one of Professor Bone’s balers, which was rapable of .Valuing 500 
gallons per hour They had had very careful measurement of the cos 
consumption, and they fmind that there was an efficiency „ 95 L r 
cent, of the gas consumed. Tliey used a small proportion of * P 
to drive a fan. The boiler, which had a diameter of 10 f \ \ 

cmly 3 feet long, was in coiistont work. His firm would lie Very S 
to show anybody who was mterwted in the boiler its method ofornra- 
tion. K.v means of a meter they ascertained the amount of gas 
consumed by the boder. This gas was obtained from coke-ovens and 
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the calculation had been very carefully made. He had seen the 
measurements of gits for the experimental boiler supplied with gas 
from n general supply, and the efficiency of the smaller boiler very 
closely approximated to that of the larger boiler. 

The Presidevt. in moving a vote of thanks to the author, said 
that was uot a paper which could be discussed hurriedly, and be 
hoped that members would contribute their views in writing. The 
remarks by Mr. Lamberton raised a very important question with 
regard to the application of power, and it would be very interesting 
indeed if Dr. Fottinger could be induced to submit a paper to be 
mnl at the next meeting, lie trusted that Mr. Louilterton would 
do what he could to bring about that result; they would bo very much 
obliged to him if he would do so. lie was sure they would agree with 
him in tendering their best thanks to Mr. llall for his paper; at the 
same time the best thanks of tho meeting were also due to Mr. 
Hutchinsou for his kind offer to give members an opportunity of 
seeing the Bone boiler in operation. Mr. Hutchinson had been 
good enough to allow him to see the boiler, and he felt sure that 
members would be very greatly interested if they accepted that 
gentleman’s invitation. 


CORRESPONDENCE. 

Mr. Hall, in replying on the discussion, wrote that Mr. Lamberton 
had put the matter in a nutshell when he said that every case required 
to be considered on its own merits, lie (Mr. Hall) did not pretend 
that his suggestion was of the nature of a patent pill guaranteed to 
cure all the troubles in a steelworks, or to lit in with every possible 
and conceivable condition. He had simply brought it forward as one 
method, which he thought was worth considering, and whether ho had 
made out his case or not was a question which he would leave to the 
members to determine. Mr. Lamberton had mentioned the Fottinger 
system of hydraulic transmission. But if hydraulic transmission was 
to be adopted, why use an engine at all? He (Mr. Hall) thought 
that one of the most promising schemes, and one which was being 
experimented writli on the Continent, namely using the Humphrey 
pnmp, with which many of the members were familiar, was far 
simpler. It was an explosive gas pump, delivering water under a 
high pressure, which could be employed to drive reversing turbines. 
The advantage of that arrangement over an ordinary gas-engine was 
obvious, os there would be no pistons to cause trouble, and there 
should be no necessity for cleaning the gas, because the valves could 
be washed by the water at every stroke. He had an idea that that 
system of generating and transmitting power liad a great future before 
it. He would have been interested to hear more about it, and re¬ 
gretted that the gentleman who could have given them the information 
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on the matter was not present. With regard to the question of the 
average tnrning moment, it was quite true that the five-cylinder 
engine would not lu»ve the same average turning moment as the 
three-cylinder, but against that disadvantage had to be set the fact 
that there would be an excess of power. The real difficulty with a 
reversing engine arose in connection with the starting moment, and 
the sluggishness with which the engine got up speed. It was the 
minimum, not the mean turning moment, that determined the start. 
When the engine was once started there was always an excess of 
power, and the engine should be so arranged as to secure its power 
at the earliest moment: they always had more than enough power 
towards the end of the run, and had to throttle down the steam by 
hand. True they had five engines to look after instead of three, 
but they were smaller. What about the six-cylinder engines which 
Mr. Greiner and others on the Continent used, having three high- 
pressure cylinders with three low-pressure cylinders behind them! 
If those were justifiable, surely those he (the author) proposed were. 
It did not follow that the smaller and more numerous parts would 
cost more to repair than they would if fewer and larger. In any case 
it was a question of balancing advantages and disadvantages, and that 
applied to all such eases. The difficulty of getting the engine into u 
confined space was of course real, but in many cases that would not be 
serious, for though the five-cylinder engine would bike up a greater 
length along the crank-shaft than the two^ cylinder, it required less 
space in the other direction. There was not a’ great deal of difference 
either way in that respect. Mr. Dixon had mentioned the use of 
piston engines worked with steam exhausted at about atmospheric 
preasure from other enginea He was rather surprised to hear that 
t mt had been done successfully, and if they would follow his figures he 
thought they would agree with him that it was a little surprising. 
The avadable pressure was only 15 lb*.: the back pressure could hardly 
he less than 9 Urn .winch would make the net available pressure for 
driving the mills 12 lbs. They could not rely upon getting a diagram 
factor of more than 80 percent., and that would bring down the work¬ 
ing pressure to an equivalent of about 9 lb*, effective pressure They 
would have to deduct something for the friction of the engine, and he 
did not think there woedd be more than 7 lbs. actual effective pressure 
remaining out of the 15 lbs., which was the original amount Applied 
from the lugh-pressure engine Looking at those facts, and at the very 
high cost of such plant, he did not think that such scheme could 1 m 
justified, unless there were ml vantage. which were not at present 
apparent. The engine described by Mr. Greiner was probably the 

Z^Zx, , 'T d ‘ fS, S ned h ? Mr. Scot. Rawlings, and was 
constructed with two diagonal cylinders, and so far from coming out 

of a steamship, it.was in fact expressly designed f or the place where 
it worked. Mr. Hutchinson s statement as to the Bone (.oiler was 
most interesting, and if they could obtain an efficiency of 95 percent 
that would certainly make a difference. Personal! v he was^ot on- 
pared to state what was the exact efficiency of a giLfirod boiler/but 
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he thought it was in the neighbourhood of 65 to 70 per cent. They 
could not got a closer efficiency tluin 80 per cent, with the l>est boilers 
fitted with economisers sis compared with 95 percent, with the Hone 
boiler. It was very interesting to learn that 95 per cent, efficiency 
had been obtained, and he hoped that they would hear more about it. 
Me wns very much obliged to them for the way they had received the 
paper. 
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THE INFLUENCE OF HEAT ON HARDENED 
TOOL STEELS 

WITH SPECIAL REFERENCE TO THE IJ EAT 
GENERATED IN* CUTTING OPERATIONS. 

Br EDWARD G. HERBERT. fl.Sc. Loxu. 

Before describing tho experiments which are to form the 
subjoct of this paper, it is necessary briefly to refer to certain 
previous investigations made by the author, which were fully 
described in a paper read before tho Iron and Steel Institute 
in May 1910. 1 Tho subject of these investigations was “ The 
Cutting Properties of Tool Steel,” and they were carried out 
with the aid of the tool steel testing machine. This machine 
has been described both in the paper referred to and in the 
technical press. Suffice it here to say that the machine 
measures the durability of specimens of tool steel, which are 
made into cutting tools of standard shape, and tested by being 
caused to cut away, by a turning action, a revolving steel 
tube of standard composition, hardness, and dimensions The 
standard traverse of the tool is 0-012 inch per revolution of 
the tube, and the width of the chip is ,V inch, this being the 
thickness of the tube wall. The durability of the tool is 
measured by the length of tube it will turn away before 
attaining a measured degree of bluntness. Tests are made at 
a succession of cutting speeds from 20 feet per minute up¬ 
wards, and the results are plotted out in tho form of a “ speed 
curve,” in which ordinates represent durability of the tool and 
abscissa? the corresponding cutting speeds. 

A set of speed curves is shown in Fig. 1 . These curves 
exhibit the changes in the durability of a carbon steel, made 
dead hard and tempered for fifteen minutes at various tem¬ 
peratures indicated on the diagrams. 

The general characteristics of these curves are:—A very 

* Journal vf tkt Inn and Strel Inititnte, 1910. No. I. p. 20& 
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low durability at the lower cutting speeds; an increase of 
durability as the cutting speed increased; a maximum dura¬ 
bility at cutting speods of 50 to 80 feet per minute; and a 
decline of durability to a very low value as the speed was 
further increased. 

Two of the curves, taken from tools tempered at 130° C. 
and 140° C. respectively, show two maxima with a depression 
between them. 

These general characteristics are common to the speed 
curves of all the tool steels that have been tested, whether of 
tho carbon, tungsten, or tungsten-vanadium varieties. All are 
capable of giving either single or double-peaked curves, accord¬ 
ing to tho heat treatment they have received, and all show 
a low durability at low cutting speeds, this characteristic being 
especially marked in the case of some high-speed steels, which 
latter often retain their durability at very high speeds. 

In the paper referred to, the theory was put forward that 
the observed changes in the durability of cutting tools are 
mainly caused by changes in the temperature of the cutting 
edge, due to varying quantities of heat generated at diflerent 
cutting speeds. 

The heat theory was confirmed by experiments showing 
that changes of durability corresponding to those which occur 
under varying cutting speeds, can bo produced by varying the 
temperature of the tool in other ways while the cutting speed 
remains constant, viz., by varying tho temperaturo of the 
water with which the tool is flooded; by varying the depth of 
cut (a heavy cut generating more heat than a light one), or 
by dispensing with the cooling water. It was shown also that 
the results of Mr. F. W. Taylor s classical experiments with 
cutting tools are in strict conformity with the “ cube law of 
cutting speeds ” deduced by the present writer from a theo¬ 
retical consideration of the heat generated in cutting. Ihe 
cube law is thus expressed: " For constant durability of the 
cutting tool the speed varies inversely as the cube root of the 
product of area of cut by thickness of shaving. 

So much by way of introduction. In tho present paper 
the heat theory of durability will be taken as experimentally 
established, and an attempt will be made to connect the 
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observed changes in the cutting durability of tool steels with 
changes in the physical properties of the steels as shown by 
breaking tests made at various temperatures. 

The various problems that are to be dealt with may be 
clearly stated as follows: — 

A. It has been found by experiments on the tool steel 
testing machine that all tool steels, without exception, have a 
very low durability, and are very quickly blunted whon cutting 
under water at low speeds and tine cuts, under conditions, that 
is to say, which preclude any considerable heating of the 
cutting edge; and it has been found that any alteration in the 
cutting conditions which tends to increase the temperature 
of the cutting edge, results in an increased durability of the 
tool. What, if any, are the correlative changes in the physical 
properties (strength, hardness, toughness, 4c.) of hardened 
steel which occur when it is raised from a low to a higher 
temperature } 

B. All varieties of tool steel have been found to be capable, 
when suitably hardened, of producing double-peaked speed- 
durability curves, the characteristics of such Bteels being that 
at a certain speed they are less durable than at higher and 
lower speeds. Is it possible to correlate this low durability 
at a certain speed with a particular physical condition at a 
certain temperature ? 

C. All tool steels arc found to lose their durability when the 
cutting speed is raised above a certain limit. I s there any 
corresponding change in their physical properties when they 
arc heated above a certain temperature ( 

I). Assuming that each cutting speed corresponds to a 
definite temperature of the cutting edge (the woight of cut 
ami all other conditions remaining constant), what are the 
actual temperatures of the cutting edge corresponding to the 
various cutting speeds, and corresponding to the various 
changes in the durability and physical properties of the steel 1 

Before dealmg with these problems, it is necessary briefly 
to consider the nature of the actions tending to wear or blunt 
a cutting tool, and the correlative physical properties con¬ 
stituting durability, which the tool must possess in order to 
withstand these actions. 
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The principal action to which a tool is subjected in cutting 
is one of friction under heavy pressure. This tends to rub 
the surface of tho steel away, by causing the particles of steel 
to slide over one another. To resist blunting by this action a 
tool must possess hardness. 

Hut the stress on the tool point is not constant: as tho chip 
is detnehed it breaks up into a series of short segments (more 
or less completely separated), and this process subjects tho tool 
to a succession of changes of pressure, amounting almost to 
blows, and tonding to chip off portions of tho cutting edge. 
To withstand this action the tool must possess toughness. 

If a tool of glass and another of copper be made, and usod 
to turn a cylinder of soft material such as lead in the lathe, 
it will lie found that both are very soon blunted, but from 
totally different causes. The glass tool, though extremely hard, 
is brittle, and is blunted by the chipping away of minute par¬ 
ticles of the cutting edge. Tho copper tool, though very tough, 
is soft, and is blunted by the rubbing away of tbo cutting 
edge. 

If now by some subtle alchemy it wore possible gradually 
to change the tool of glass into one of copper, it would prob¬ 
ably pass through some intermediate stages where it would 
retain some of the hardness of glass without all its brittleness, 
and would have attained to some of the toughness of copper 
without all its softness. The tool in this intermediate state 
would probably keep its sharp cutting edge much bettor than 
either the glass or the copper tool. A diagram showing the 
durability of such a tool in its successive stages would bo 
likely to take the form of some of the curves in Fig. 1, the 
durability rising to a maximum ns the tool lost its brittleness, 
and then falling to a low value as it lost its hardness. 

In order then to measure, throughout a range of tempera¬ 
tures, those physical properties of a steel which constitute its 
durability, it is necessary to test it at each temperature for 
hardness and for toughness. 

Tho usual method of testing toughness is that of the impact 
pendulum. Some preliminary experiments were made by this 
method, but it was found that whereas ono specimen might 
be shattered with an absorption of the energy of the pendulum 
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so slight as to be difficult of measurement, another specimen 
only slightly different in temper would 
al>sorl» the whole of the energy of a 
heavy pendulum without being bent or 
broken. It became evident that a shatter¬ 
ing blow bears so little resemblance to the 
stress to which a cutting tool is subjected 
as to afford very little useful information 
relative to durability. 

The method finally adopted was that 
of breaking the specimen, supported at 
the ends on knife edges, by a load applied 
transversely at the centre. The apparatus 
employed is illustrated in Fig. 2. The 
specimen A was in nil cases 3 inches long, 
| inch deep, and 1 inch wide. It was 
supported on knife edges BB, 2J inches 
apart. A third knife edge C was affixed to 
a plato F, and guided by pins DP sliding 
freely in holes in F. Tho whole was placed 
in a bath containing water, oil, or salt, 
according to the temperature under in¬ 
vestigation, the specimen being completely 
immersed in the liquid. The bath was 
rested on iron blocks GO, with gas-burners 
or blow-pipes between them, and tho whole 
was placed under the crosshead of the 
Olsen 100.000 pounds autographic testing 
machine. 

In operation tho bath was first heated, 
and the temperature ( measured by a mer¬ 
cury thermometer) allowed to become 
stationary. The specimen was placed on 
o knife edges, and tivo minutes were 
allowed for it to arrive at the temperature 
of the bath. The load was then applied, 
and the specimen broken or bent. Tho 
load and the deflection wore autographic- 
ally recorded by the testing machine. 


Fig. 1.—Temper and Dura- 
faflity. Carbon SiccL 
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Some of the resulting diagrams aro reproduced in Fig. 3. The 
height of each curve represents the maximum load applied to 



the specimen to break or bend it, and this maximum load is 
taken as a measure of toughness. Curve a is from a specimen 



Fin. 3.—Autographic Diagram of Breaking Tests. 

broken cold: being brittle, a small load sufficed to break it. 
Curve b is from a similar specimen broken at 238° C. It 
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was tougher, and broke at a higher load. Curve c is from a 
specimen tested at 278° C. In this case the specimen was 
very tough. It supported a heavy load, and bent without 
breaking. 

For the purpose of the investigation it was necessary to 
ascertain the hardness of the specimens at each temperature 
os well as their toughness. The somewhat elusivo quality of 
hardness may be defined as the power of resisting deformation 
under stress. It is commonly measured by pressing a hard 
steel ball into the surface of tho specimen with a definite 
force. The material which takes the smallest impression or, 
in other words, which shows the greatest resistance to defor¬ 
mation, is taken to bo the hardest. The ball test cannot be 
applied to very hard materials, but the diagrams in Fig. 3 give 
us a means of measuring resistance to deformation or hardness. 
Tho relation between the load and the resulting deflection is 
shown graphically by the slope of the curve. Specimen a was 
very hard: it gave only a small deflection for each increment of 
load, and the resulting diagram is nearly verticaL Specimen 
h was softer, and e very soft, and the slope of the diagram was 
greater as the hardness diminished. Numerically the hard¬ 
ness may be expressed os the load required to produce ^-inch 
deflection, and the hardness number is obtained by dividing 
the maximum load in pounds by the deflection in tenths of 
an inch. IT = 1( >L> . 

Experiments were first made on a crucible steel containing 
about 13 per cent, carbon. A bar J x J inch in section was 
cut into pieces 3 inches long, which were heated to 800° C. 
and quenched in water. Some of the specimens were left in 
tho dead-hard state, others were tempered by being placed for 
fifteen minutes in an oil bath at 136° C. Others" were tem¬ 
pered in like manner at 145° and 175° respectively Tho 
problem was to ascertain how the physical properties of steels 
thus treated would bo affected by the heat generated in cutting 
at various speed* It was certain that a very hi-h cutting 
speed would heat the cutting edge of the tool sufficiently to 
soften it and cause it to be blunted immediately but it was 
not known what would be the effect of the lower temperatures 
generated at lower cutting speeds. I n order to reproduce 
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these temperatures artificially, the specimens were heated in 
the apparatus illustrated in Fig. 2, and broken at various 
temperatures as described. • 

The results of the breaking tests arc plotted out in diagrams 
A. B, C, D, Fig. 4. The full lines in these diagrams represent 
maximum loads at which the specimens wore broken or bent 
(toughness), and the dotted lines represent the hardness, or 
maximum load divided by deflection. 

Referring first to the toughness curves (full lines), it will 
be seen that the diagrams have certain features in common. 
There is a decrease of toughness as the temperature rises from 
that of the atmosphere to 100°, and a more or less regular 
increase of toughness bet ween 100° and 250 or 2 < 5 . 

Referring now to the dotted curves representing hardness, 
we again see certain characteristics common to all the speci¬ 
mens. The hardness was relatively high at atmospheric tem¬ 
perature, it was very much less at 50° or 100 , it again 
attained a high value at temperatures varying from 150 to 
250°, and it fell very low at 275° to 300°, at which tempera¬ 
tures the specimens were ao soft as to bend without breaking. 
It will bo noticed that the hardness and toughness curves 
have widely different shapes, an increase of the one quality 
being very generally accompanied by a decrease of the other, 
though both decrease together between 20° and 100’. 

Wo have here, according to our theory, two of the elements 
for determining the variations of durability with temperature; 
but it is very difficult to say. from inspection of the curves, 
which tempernture might be expected to give the highest 
durability to the steel. The durability will be high when both 
the hardness and toughness are high. The durability will bo 
low when either the toughness or hardness, or both, are low. 
Now it is evident that if wo multiply the hardness number by 
the corresponding toughness number for each temperature, we 
shall obtain a new series of numbers fulfilling the conditions 
just stated—thev will be high when the hardness and tough¬ 
ness are both high ; they will be low when either hardness or 
toughness, or both, are low. Those numbers should therefore 
be in some degree proportional to the durability of the steel. 
We cannot say that they will be strictly proportional to dura- 
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bility unless we assume that hardness and toughness are 
the only qualities constituting durability, and that they are 
equally important factors in durability, but these are assump¬ 
tions we have no right to make. Either hardness or 
toughness may l>e the more important factor, according 
to the nature of the material the tool is required to out. 
It is an established fact that the steel which is best for 
cutting hard materials such as tyre steel is not necessarily 
the best for cutting soft materials such as mild steel or 
brass, and this may be because a harder tool is required 
for one class of material and a tougher for the other, ^or 
can we safely assume that hardness and toughness are the 
only factors in durability. Some steels (notably the tung¬ 
sten steels) possess a property of resisting abrasion which 
does not appear to depend directly on hardness or tough¬ 
ness, and can only bo measured by an abrasive test 
preferably an actual cutting tost. A breaking test may 
give no evidence of the presence or absence of this quality. 
The evidence to be obtained from the breaking tests must 
therefore be regarded as maiuly negative evidence. It is 
certain that a tool which is very soft or very brittle will 
not bo durable. It is almost certain that a given tool will 
gain in durability as it becomes harder and tougher ; but it by 
no means follows that the specimen of steol which carries the 
heaviest load with the least deflection will make tho most 
durable cutting tool. 

Recognising, then, that the product of hardness and tough¬ 
ness may bear only an approximately proportional relation 
to durability, let us examine the curves produced by plotting 
these products on a temperature basis. Ihe curves aro 
shown in Fig. 5. and the durability-speed curves obtained 
from specimens of tho same steel by actual cutting tests 
made on the tool steol testing machine are shown in tig. 6. 
Two sets of curves aro shown in this figure. The full 
lines represent the durability of tools cutting under water, 
and the dotted curves are taken from tho same tools cutting 
dry. 

It is at once apparent that there is a very striking simi¬ 
larity between the curves obtained by breaking (Fig. 5), and 
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those obtained by cutting (Fig. 6). In each case there is a 
very low durability at low speeds or temperatures, a rise to a 
high maximum as the speed or temperature increases, and 
a fall to a low value when the speed or temperature exceeds a 
certain value. It is especially noticeable that tho range of 
speeds and temperatures which gives tho steel a high dura¬ 
bility is a very narrow one. One important difference will 1 k> 
noticed. Tho breaking tests all 6how a high durability at 
atmospheric temperature and a rapid fall to 30° or 100°, but 
this feature is entirely absent from tho curves obtained by 
cutting. From this it might be surmised that at the lowest 
cutting speed, viz. 20 feet per minute, the edge of tho tool 
was at 50° to 100°, and that the tools would linve a higher 
durability when cutting at still lower speeds. Some experi¬ 
ments have been made with a view to confirming this infer¬ 
ence, but hitherto without success. Tests were made at 
speeds as low as 2 feet per minute, and the tool was flooded 
with a freezing mixture, but the wear was extremely rapid, 
and no increase of durability was found. There is no doubt a 
considerable amount of heat generated in cutting a tough 
steel, no matter how slow the speed, and it may be that tho 
cutting edge was considerably above atmospheric temperature 
even under the extreme conditions mentioned. This point, 
however, requires further investigation. 

Two of the tools used in the cutting tests, namely, those 
tempered at 136° and 145°. gave double-peaked curves. It 
had previously been found (see Fig. 1) that carbon steels 
tempered between 130° and 150° give ourves of this char¬ 
acter. and one purpose of the investigation was to find an 
explanation of this phenomenon. It cannot Ihj said that the 
explanation is complete, though each of the breaking tests, 
and especially B, shows n rudimentary first peak. The rela¬ 
tion between tho hardness and toughness curves is compli¬ 
cated. their maxima and minima generally failing to coincide, 
and it is not surprising that the resultant curve of durability 
should assume a complicated form. It has already been 
pointed out that tho actual shape of the durability curve will 
depend on tho relative importance of the hardness and tough¬ 
ness factors, and that this will depend on tho cutting comli- 
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lions. It bus been found by experiment that the shape of 
the curve is by no means constant when the cutting condi¬ 
tions are altered. Thus Fig. 7 showB durability-speed curves 
obtained from the same tool ground with 0,5, and 10 
rake. The height of the first peak diminishes as the rake of the 
tool is increased. Again, it is seen in Fig. 6 that tools which 
give a double peak when cutting under water usually give 
only a single peak when cutting dry. In this connection it 
may be pointed out that the cutting temperature is much 
more dofinite when the tool is cutting under a copious stream 
of water than when cutting dry. In the former case the 
extreme edge of the tool, embedded in the metal, is heated to 
a temperature depending on the speed and remaining constant 
throughout the test. When no cooling medium is employed, 
the tool, the tube, and the adjacent parts of the machine 
become gradually hotter as tho test proceeds, the temperature 
becoming constant only (if at all) when the generation of boat 
is balanced by radiation. This may account for the fact that 
dry cutting tests seldom, if ever, give double-peaked speed 
curves. 

Breaking tests were mode with high-speed steels of two 
well-known brands. The specimens, 3 x J X J inch, were 
hardened by being preheated for 2$ minutes at 850 , thon 
heated for 50 seconds at 1275°. and quenched in salt bath at 
672° for 30 seconds. The hardening of all the carbon and 
high-speed steel specimens used in thoso experiments was 
kindly undertaken by Mr. S. N. Brayshaw. Ihe breaking 
tests were carried out in the manner described above, and 
the resulting hardness and toughness curves are shown in 
Fig. 8. Tho hardness curves (dotted) are somewhat compli¬ 
cated. but the curves of the two steels closely correspond with 
each other, and bear some resemblance to the hardness curve 
A (Fig. 4), taken from the dead-hard carbon steel. There is a 
marked fall in hardness from atmospheric temperature to 50 
and 100°, followed by a rise to 130°, a fall to 280 , with a 
smaller rise and fall at higher temperatures. The two tough¬ 
ness curves (full lines) also correspond in general form, 
though there is a groat difference in the temperatures at which 
the first minima occur (100° and 220° respectively). 

1912.—i. 2 a 
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Multiplying together the hardness and toughness numbers 
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Fig. 9. The durability-speed curves obtained from two of 
the specimens by cutting tests on the tool steel testing machine 
are given in Fig. 10. the dottod curves being obtained by 
cutting dry. and the full curves with water. 

The durability-temperature curves (Fig. 9) resemble those 
of tho carbon steels (Fig. 5) in showing a marked fall in dura¬ 
bility from atmospheric temperature to 50 , this feature being 
entirely alisent in the curves obtained by cutting (Fig. 10). 
Both the temperature-durability curves, E and 1 (Fig. ( J), 
show marked double peaks, and it will be noticed that in the 
case of steel E the first peak occurs between temperatures 
100° and 2G0°, thus corresponding roughly with the main 
peaks of the carbon steels (Fig. 5). lho second peak in steel 
E occurs between 260° and 400°, at which temperature the 
carbon steel would be soft. 

Turning now to the cutting tests, we sec in curve E (Fig. 
10) two peaks, the first occurring between 20 and 120 feet 
per minute, thus corresponding with the carbon steel curves 
in Fig. 6, while the second peak in E (Fig. 10) occurs at 140 
feet per minute, at which spoed the carbon steels were in¬ 
capable of cutting. There is thus a close correspondence 
between the durability curves obtained by breaking and by 
cutting tests. It is true there is a great disparity as regards 
tho relative heights of the two peaks, but this was to l>e 
expected. Even though the steel were equally hard and 
tough when cutting at 70 and at 140 feet por minute (as 
would appear from Fig. 9), the higher speed would naturally 
blunt the tool more rapidly. 

The curves of steel F are somewhat anomalous. Tho 
breaking tests show two distinct peaks with a low minimum 
at 220°, tho second peak being a very large one. whereas the 
cutting tests (Fig. 10) show only a single peak extending 
from 20 to 150 feet per minute. 

The dotted curves obtained by cutting dry (Figs. 6 and 
10) are in all cases to the left of the corresponding ‘wet” 
curves, and it is especially to be noted that all the tools 
when cutting at very low speeds wore more durable when 
water was not used—t.r. when they were allowed to become 
heated. 
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This effect of temperature on durability is clearly shown 
in Fig. 11, which represents the speed-durability curves of a 
high-speed steel tool cutting (1) dry, (2) with lard oil, (3) with 
water. At the low speeds, 20 and 30 feet per minute, the 
tool was most durable when cut ting dry, and least durable 
with water. At the highest speeds the position is reversed, 
while at intermediate speeds tho lard oil gave tho highest 
durability. Tho oil appears to exerciso a double function. 
It acts as a cooling medium, and enables the tool to work 
at much higher speeds than are practicable when cutting 
dry; but, as a cooling medium, it is inferior to water, and 
therefore less conducive to durability at very high speeds, 
It has, however, a lubricating effect which is not possessed by 
water, and is highly conducive to durability at speeds which 
do not generate an excessive amount of heat. 1 he oil gives 
the highest durability, but not at the highest speed. 

The curves in Fig. 12 illustrate the extreme importance of 
the time factor in the hardening of high-speed steeL The 
dotted curve represents the durability of a high-speed tool 
which was preheated for 4 minutes at 850°, heated for 1 
minute at 1275°, and quenched in salt at 675° C. The full 
curve shows the durability of the same steel preheated for 
2J minutes and heated for 50 seconds at tho same tempe¬ 
ratures. Evidently the first tool had been injured by too 
prolonged heating. 

Let us now see how far the results of the experiments 
enable us to answer the questions with which we set out. 

A. The low durability of all tool steels, cutting under 
water at low speods and light cuts, seems to be completely 
explained by the low values of hardness and toughness which 
always occur at cutting temperatures of 50° to 100 . The 
breaking tests havo shown in every case that tho product, 
hardness x toughness, increases in value as the temperature is 
raised above 100°. The cutting tests have shown in every 
case that the durability increases when tho cutting speed is 
raisod above 20 feet per minute. These cutting tests havo 
also shown that the durability always increases when a tool 
working at 20 feet per minute is allowed to cut dry instead 
of with water, or with hot water instead of cold. It is im- 
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possible to doubt that these are different manifestations of 
the same physical change in the steel. 

A clear recognition of this phenomenon is of great practical 
importance. A great deal of the metal cutting in every 
engineer's shop consists in taking fine finishing cuts, often 
with water on tho tooL If such cuts are taken ut a slow 
speed, the temperature of tho cutting edge may not rise above 
100°, in which case tho tool will bo quickly blunted. Its 
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Fig. 1L —Spccd-ilurahitity Curves of a 
High-spcrd Steel cutting with anil 
without Lubricants. 


Fig. 13.—Sjfcrd-durability Curves of the 
same High-speed Steel differently 
hardened. 


durability can bo increased by increasing tho speed or by 
cutting dry. Many cases are known to have occurred in 
ordinary workshop practice, where an increase in cutting 
speed has actually resulted in increased durability of tho 
tool. 

Low durability at low-cutting temperatures (on, for example, 
finishing cuts) is a familiar characteristic of high-speed steels, 
and is most marked in tools which have been suitably burdened 
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for very high temperature work. 1 High-speed steel can be so 
hardened as to retain its durability at fairly low temperatures, 
and there arc now on the market tungsten steels specially 
adapted for low-temperature work, such as iinlshing very heavy 
forgings; but every description of steel known to the writer 
loses its durability if the cutting temperature is low enough. 
It should be noted that a low cutting temperature can only 
occur when there is a combination of low speed with light 
cut. A heavy or moderate cut raises the temperature of the 
cutting edge above 100°, even at very slow speeds. 

Ii. The phenomenon of the double-peaked curve is not 
completely elucidated, though the evidence goes some 
to explain it. The variations of hardness and toughness with 
temperature are of a complicated character, and the clefL 
between the two peaks of a durability curve appears to bfl 
caused by the conjunction of depressions in the hardness and 
toughness curves at a particular temperature. The relative 
heights of the two peaks are found to vary with the conditions 
of cutting, and this variation may be duo to a change in the 
relative importance of the hardness and toughness factors, 
according to the quality of the material cut, or the shape of 
the tool. 

C. Tho decline in durability which takes place when a 
certain limiting speed is exceoded, is evidently caused by an 
actual softening of the cutting edge by the heat generated in 
cutting. This softening, which is extremely local, takes 
place even when the tool and the work are practically im¬ 
mersed in running water. The speeds and temperatures at. 
which tho softening occurs depend hugely on tho particular 
hardening process which has been applied to the tool, and are 
generally highest in high-speed steel. 

I). It is not yet possiblo to establish an exact scale of 
cutting temperatures corresponding to the scalo of cutting 
speeds, but a comparison of the temperature-durability curves 
obtained by breaking tests (Figs. 5 mid 9), with tho speed- 
durability curves obtained by cutting tests (Figs. C and 10 ), 
enables us to make an approximation, as in lfig. 13. 

> There is reason to beliere Itul the condition of low durability in well Heels may 
recur *1 tempcTatuie* much higher than 100* i«ee F. Fig. 
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To establish a correspondence between the speeds of cutting 
with and without water, a comparison may bo made between 
tho full and dotted curves in Figs. 6 and 10, from which it 
appears that the effect of using water is approximately to 
doublo the cutting speed ; in other words, the edge of a tool 
flooded with water attains ultout the same temperature as the 
edge of a tool cutting dry at half the speed. This must not 
be taken as a general statement applicable to all cutting 
operations. Ihe dry cutting temperature depends largely 
on the volume of metal operated upon. The tulie lined in 
the tool steel testing machine is small in diameter and light 
in section; it becomes considerably heated under n dry cut. 
In machining a largo forging, the body of metal absorbs a 
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great deal of heat, with only a slight rise in temperature, and 
the use of water has less oflect on the cutting speed. 

Considerable interest attaches to a comparison of the dura¬ 
bilities of carbon and high-speed steels. It appears from 
Figs. 6 and 10 that the high-speed steel has two distinct 
features of superiority. The speeds at which it attains its 
maximum durability are not very different from those at which 
carbon steel is most durable, but the high-speed steel is 
several times as durable at these speeds. Quite distinct from 
its superior durability at moderate cutting temperatures is 
the property possessed by high-speed steel of retaining some 
durability at temperatures high enough to soften carbon 
steel, but its actual durability under such conditions Is much 
less than under conditions which do not undulv heat it. In 
other words, its abrasive quality appears to be more important 
than its heat-resisting quality. 
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A comparison of the curves in Figs. 5, 6, 9, uml 10 lends 
force to the warning already givon. that no absolute measure 
of durability can be obtained by a breaking test. 1 he highest 
durability calculated from breaking tests was that of tool D, 
but the actual durability of this carbon steel, measured by 
cutting, was not particularly high, and was much less than 
that of high-speed steel E, which broke under lower loads. 
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DISCUSSION. 

Mr. L. AncnncTT (Derby) said he would like to ask Mr. Herbert if 
he had made any experiment* with Aquadag defioculated graphite, 
which was invented by Dr. Acherson. Ho understood that when used 
with water it immensely increased the cutting pow or of tools. 

Mr. Herbert, in reply, said he had had no experience of the 
lubricant described by Sir. Archhutt, His experiments had shown 
that water was under some conditions superior to oil, for use with 
cutting tools, on account of its greater cooling power, but that in 
lubricating the tool and reducing friction it wua inadequate. He 
could imagine that the addition of graphite to the water might render 
it more efficient os a lubricant without impairing its properties as a 
cooling medium, in which case, the curve he had exhibited would 
retain its position, but would show a higher durability. Ho could 
not, however, say definitely that that woidd be so without having 
made experiments. 


CORRESPONDENCE. 

Mr. S. N. BrAYSHAW (Manchester) wrote saying he could confirm 
from hU own experience the “ peak" which Mr. Herbert hail di.- 
covered In speed-durability curves, and in some cuses he had suspected 
a double “ p.-ak.” Must turners would probably say, if the question 
were definitely put to them, that the wear of the tool was proportionate 
to the cutting speed, but lie suspected that in actual practice they knew 
that they would get bad results if they run too slow. He remembered 
an occasion wheu he was an apprentice and was told to run on a faster 
speed because the tool was working badly. The following might serve 
as an actual example of what occurred in his own works. A large 
quantity of tool steel bars f-inch diameter were being tumid up, and 
for some time the machines run at 195 revolutions per minute, which 
gave a cutting speed of 38 feet per minute on the largest diameter. 
The tools dulled very quickly, and hud to be resharpened on an average 
once every forty-five minutes. The spend wag then increased to 330 
revolutions per minute, giving a cutting speed of «5 feet per minute, 
other conditions remaining the same. The consequence was that the 
life of the tools wua Increased to about three hours, which meant on 
increase of nearly sevenfold in the actual work done by the tool for 
every sharpening. 

That was not an isolated emu-, and it was a striking confirmation of 
Mr. Herbert's results; or to put it another way, Mr. Herbert had 
investigated the mutter, and had explained gome very curious facts 
of which very little knowledge existed, and his researches would un¬ 
doubtedly be of great assistance in workshop practice. 
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NOTE ON T11E INVESTIGATION OF 
FRACTURES. 

HV F. ROGERS, D.Enu, (SHEFFIELD}. 

It is rarely possible to investigate systematically the cause of 
an unexpected fracture by known methods without rather 
long and laborious research. The consequence is. that more 
or less pardonably, this Is made the excuse, in the majority 
of cases of tests to destruction, for not investigating at all. 
Since a large class of failures, including principally all faults 
which may broadly bo classed as some form of segregation, 
and usually excluding heat treatment, is due to more or less 
localised fault, it is highly desirable that tho fracture itself 
should be studied if possible. The general npjiearance and 
so-called “ grain ” of the fracture, and possibly any non- 
inetallic inclusion, if not too minute, can easily be noted, but 
it is notorious that every attempt, to obtain information about 
structure by applying the microscope directly to the fractured 
surface has failed. 

A few methods have been suggested for obtaining a cross- 
section through the fracture, and examining this by means of 
the microscope. In Rosenhain's method, 1 copper is heavily 
deposited upon the fracture during about eight days. I have 
obtained good results without this delay by gently pressing 
a number of leaves of Dutch metal (imitation gold leaf) into 
contact with tho fracture, and binding by moans of a small 
steel clnmp. Doubtless quite perfect results could bo obtained 
by a combination of tho two methods — that is, after depositing 
copper for a short time, perhaps three or four hours, in order 
to form a more perfect mechanical protection for tho iraclure, 
leaves of Dutch metal could be clamped against the copper. 

Another useful method is to cast a fusible alloy, melting 
at about 100° C., against the fracture. This also generally 
requires the uso of the clamp. 

* Jaum.il of the Iron unJ Steel Institute, 1!KN«, No. II. p. 1WJ. 
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The drawback to such methods is that they are very 
laltorious, giving little more than a mathematical line upon 
the actual fracture for each section taken, and there is always 
the possibility that the ultimate cause of weakness may not 
lie in one of the sections taken. Consequently, it occurred to 
me that, if even a comparatively rough chemical examination 
of the fractured surface could be made, as for example by a 
method of contact printing, it might be quite as valuable on 
tho whole as the more elaborate microscopic methods; and 
whilst giving sufficient indication for many practical purposes 
as to the cause of failure, it might also in other cases be 
useful as a preliminary to the examination by the elaborate 
mothods, thus indefinitely minimising labour spent upon 
trying to find the position of the fault which had caused tho 
trouble. 

After experiments in several directions, I have adopted a 
method which is virtually a mollification of tho well-known 
method of obtaining a “ sulphur print" from a cut surface. 
A piece of a specially prepared tissue, which consists of a 
gelatine emulsion of silver bromide, coated upon a very stiff 
grease clay, is soaked in a dilute acid solution containing also 
a toughening agent, and immediately pressed into contact 
with tho clean fracture for a few seconds and withdrawn. 
The entire process occupies no more than a minute Precise 
details are given in the Appendix. 

In order to find whether it would l>e possible to interpret 
with certainty the meaning of such a print, it was desirable to 
determine what relation exists between a print from a fracture, 
and a print obtained by the ordinary method from a neigh¬ 
bouring cut section, and also to establish what nature of con¬ 
trast was to bo expected between an actually segregated region 
and an unsegregated region in the same fracture. On "this 
account some prints are shown (see Figs. 1 to 8, Plate XXXVII.) 
for mutual comparison, which have been made upon cut sec¬ 
tions and fractures by the special tissue, and upon cut sections 
and fractures by means of a standard make of bromide paper, 
which is frequently used in sulphur printing. Bromide paper 
was in fact one of the first means tried for printing from a 
fracture, and it was found necessary to press or hammer it 
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into contact with the aid of the same stiff' clay subsequently 
usod for making the tissue. The effect of different durations 
of contact of the print with the metal is also shown. The 
reproductions are accompanied by an explanatory legend. 

The first and most striking fact that was established was 
that the printing of a fracture proceeds at an astonishingly 
greater speed than the printing of a neighbouring cut surface. 
This is shown by a comparison of Fig. 4 (fracture) with Fig. 3 
(cut). In these tho depth of printing has been restricted by 
using very dilute acid and brief duration of contact. A 
print from a fracture made with the same concentration 
acid and duration of contact as either Nos. 1, 2, or 5, which 
approximate to 'tho ordinary method of sulphur printing 
from cut surfaces, would show only an unrecognisable black 
smudge. If one may, for arguments sake, assume——what 
is not necessarily strictly accurate—that the proportion of 
sulphur indicated is inversely proportional to the duration 
of contact and concentration of acid necessary to give a print 
of a definite depth of colour, then it appears that the per¬ 
centage of sulphur indicated by a print from a fracture is of 
the order of one hundred times as great as that indicated 
by a print from a neighbouring cut section. This cannot 
mean anything else, I think, than that the fracture has picked 
its way through the minute sulphide specks with correspond¬ 
ingly great preference. This would not bo surprising if we 
were dealing with an alloy containing say 0’4 per cent, of 
sulphur, in which the manganese sulphide would be expected 
to form a network. In steels containing less than 0’04 per 
cent, of sulphur, we aro well aware that the sulphide rarely 
exists as a partial network, but almost solely as minute 
isolated, cigar or lens-shaped particles, lying in the direction 
of the length of the forging or of rolling. 

It is interesting in this connection to recall that at a meet¬ 
ing of the Sheffield Society of Metallurgists and Engineers 
in January last. Dr. Stead showed a photomicrograph of a 
sulphide area in a piece of steel which, after polishing, had 
been bent in a plane at right angles to tho surface photo¬ 
graphed. An incipient crock was seen to havo travelled 
through the little area of manganese sulphide, and to be 
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making its way Into the metal at each of its ends. I hope 
that it will be convenient for Dr. Stead to contribute this 
photograph to the discussion. 1 

It may conceivably be argued that the relatively rough 
preparation of the cut samples for printing has, by causing 
a certain amount of “ How" of the surface of the metal to 
cover and so protect the sulphide, been in part responsible 
for the great difference between cut surfaces and fractures 
respectively. This is not so, however, for a piece of steel 
gives much the same depth of colour, whether printed as 
roughly cut off, or after smooth filing, or after polishing on 
emery papers, or after polishing as for careful microscopic ex¬ 
amination. Further, much protection is hardly to be expected, 
as the acid would probably soon dissolve away any possible 
thin film of metal; and in any event, unless a sulphide speck 
were thoroughly covered, it would not be effectually pro¬ 
tected from the action of the acid. The great difference 
between a print from a fracture and a print from a neigh¬ 
bouring cut surface seems to be independent of the mode 
of fracture; it is found to be of the same kind, whether the 
fracture was caused by tensile stress, slow bending, re¬ 
lated severe landing, or shock. It is also of the same 
sort in stoeLs ranging from dead mild up to 1*3 per cent, 
carbon tool steeL 

It seems to me that the extraordinary degree of selection 
of a path through the specks of manganese sulphide as the 
line of least resistance to fracture strongly confirms the 
desirability of keeping sulphur low, if any confirmation be 
needed. No known method of treatment will bring the 
sulphur into a less harmful form than the usual little longi¬ 
tudinally arranged rods or lenses of manganese sulphide. Hence 
the inherent unsoundnesa of tho remark one sometimes hears, 
to the effect that ' 0-05 per oent. of sulphur would be equally 
safe" in steels which now usually contain under say 0*035 
per cent., apart from tho absence of any margin of safety for 
local variations from the analysis taken in the usual position. 

It is quite probable that tho path of least resistance also 

i [A photomicrograph which illustrates this point is giro, j n Q r stead s paper lanlt 
Fig. U, p. 113).—El*-] ' ’ 
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follows, in a similar mannor, the minute high phosphorus 
regions, so far as is compatible with the difference in the 
forms in which phosphorus and sulphur are known to occur 
in steel. Perhaps a printing method could l>e devised to 
establish this, hut it was considered that a sulphur method 
would bo quite sufficient for most practical applications, and 
on the whole preferable to a phosphorus method as an index 
of segregation. 

The present expression of opinion, that the selection of the 
path of fracture is largely biassed to the actual sulphur and 
phosphorus lasaring areas, is by no means inconsistent with 
the view 1 that fracture in low to medium carbon steels, 
under repeated alternations of stress, tends to prefer a path 
through ferrite, which has been confirmed by othors for 
different kinds of stress. Not only has pure, well crystallised 
ferrite a peculiar weakness of its own under dynamic stress, 
but in steels which contain ferrite, the tendency for the 
sulphur and phosphorus to bo associated geographically with 
the ferrite is well understood. 

There seems to be no doubt that the method of printing 
from a fracture here described, although, as may be expected, 
rather a rough-and-ready than a pretty test, can, with a little 
care and practice in its use, be relied upon to indicate a 
segregated area in a fracture. There are slight variations 
in the depth of colour in the print, due to the differences in 
contact pressure over the various irregularities of the surface. 
One soon learns how to allow for these by observing the 
sha}>e of the surface, which is also shown in its impression in 
the tissue. 

Some examples of prints from fractures arc given in Figs. 9 
to 12, Plates XXXVII. to XXXIX.. and the position of the 
segregation, if any, is indicated. It should be homo in mind 
that part of the variation of depth of colour in the reproduc¬ 
tions at places where no segregation is indicated, is duo to the 
light and shade effect, caused by the fact that the print is also 
an impression of the fraeturo. 

Fig. 9, Plato XXXVIII.. shows a print on the special tissuo 
taken from a part of the fracture of a high-class steel tire. The 

* Journal of tho /rvn and Steal Institute. 1906, No. I. p. 491. 
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position of the boro is shown, and it is seen that a satisfactory 
print has been obtained along the full length of the bore, and 
extending about an inch and a half inwards from the bore. 
This is more than is ordinarily likely to be necessary for this 
class of tire. This fracture, which was deliberately made for 
the purposo of printing, shows no signs of segregation. 

Fig. 10, Plate XXXVII., is a print made upon ordinary- 
bromide paper, which was toughened by soaking in formalin 
before use, taken from tho fracture of a portion of the core of 
a tiro bloom of the same class as the tiro from which Fig. 9, 
Plate XXXVIII., was obtained. In this print the lines of 
segregation are clearly visible, and the fact that these lines 
really do represent segregation, is amply confirmed by the 
print given in Fig. 11, Plato XXXVII., which was made in 
quite tho ordinary maimer of sulphur printing, from a parallel 
section, only a small fraction of an inch away from the frac¬ 
ture printed in Fig. 10. 

Fig. 12, Plate XXXIX., represents a print upon the special 
tissue taken from a roil in a position os near as was convenient 
to the topmost portion of the ingot used. In spite of this, no 
marked segregation is shown. The print is merely a trifle 
darker generally, towards the web of the rail. In this case, 
the head, web, and base wore printed on three separate 
portions of tissue, and subsequently pieced together. The 
lighter areas in the base were caused by allowing some splashes 
of the acid solution to fall on this portion whilst printing 
from the web. 

In conclusion, it is hoped that tho rough-and-ready method 
of printing from a fracture here brought forward, will be found 
useful whenever unexpected results are obtained in tests to 
destruction, such as in falling weight tests of rails, tires, or 
axles, in tensile tests of all kinds of material, and bending tosts 
of plates. It is probably the simplest and quickest method of 
investigating u fracture at present available, and should show 
instantly whether breakage has been assisted by segregation 
or not. 

With obviously necessary precautions, there is no reason 
why the method might not be applied to a fracture which 
has occurred in service. 


Plate XXXVI! 






Fiu. I. Fla. 2. Fla 3. 
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Prims from Cut Sections ami Fractures. 





FlC. 10.—Print on bromide paper Fie. 11. Same as Fig. 10. but 
from a Fracture of part of the a neighbouring cut section. 
Cure of a Tire Bloom. 






Plate XXXVIII 



Fin. 9.—Prim from pari of Fracture of a .Strel l ire The position of the bore is initialled. 









Plate XXXIX 



Fig. 12. —Print from Fracture o( a Steel Rail 
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APPENDIX. 

• Details of Preparation and Use of the Tissue. 

It is hoped that it will soon be possible to purchase the 
tissue prepared ready for use. In the meantime, the following 
details will enable any one to prepare a supply which can be 
stocked for use as required— 

Clay .—Melt together 1 lb. of vaseline and one ordinary- 
wax candle. The minimum possible quantity of the mixturo 
that will give a stiff cohering clay is incorporated with finely 
ground and dried whiting. This is rolled into sheets about 
tV inch thick. Plasticcne is too soft for the purpose, and its 
colour is against it, but it will answer if stiffened by the addi¬ 
tion of whiting. 

Silver Bromide Emulsion .—Digest the following together at 
about 43° C.— 


Water ...... 150 cubic centimetre*. 

Gelatine ...... 15 gramme*. 


10 per cent hydrochloric acid . . 3 cubic centimetre*. 

Potassium bromide . . . . 8*4 grammes. 

Then add the following solution, also heated to 43° C.— 

' *'«» 

Water.00 cubic centimetres. 

J Silver nitrate ..... 10 grammes. 

The whole is digested at about 43° G. for about a quarter of 
an hour. Chill rapidly to set, cut up, wash in a jelly-bag for 
two hours, remelt, add a further 15 grammes of gelatine, and 
tho emulsion is ready to be coated upon its support It can 
be stored by allowing it to set, and putting a littlo carbolic 
acid in alcohol upon the surface. 

Coating. —Warm a sheet of the clay, sprinkle finely powdered 
calcium sulphate upon it, rub lightly until greuaiuess is 
removed, dust oft* the excess of calcium sulphate. Inirne- 
■r diately pour a little of the molted emulsion on, and spread 
with a glass rod. and by tilting the sheet about. Leave in a 
horizontal position to dry. 

To take a Print from a Fracture .—Soak the tissue for 
twenty to thirty seconds in— 

1912.—i. 2 b 
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Water.100 cubic centimetres. 

Sulphuric acid , . . . 1 cubic centimetre. 

Alum ....... 6 grammes. 

See that the surface of tho gelatine is well wetted by the 
solution, which is assisted by gently stroking with the finger, 
then instantly apply and press into contact by meAns of the 
fingers. Withdraw the print in about twelve seconds, or 
rather longer in the case of exceptionally pure steels. 
Chietly on account of the difficulty of keeping the whole of 
the tissue satisfactorily wetted, it is on the whole best, in the 
case of large and very irregular fractures, to print the surface 
in several overlapping portions. It is quite easy to print a 
very irregular fracture in pieces about 3 by 2 inches, whilst 
with a fairly regular surface. 6 by 3 inches gives no trouble. 

Firing .—1 bis can be done as usual for a print, in hypo., 
but, owing to the risk of stripping the gelatine from the clay, 
is best omitted. It is sufficient to rinse the print gently, and 
allow to dry at once. 

Much depends on keeping both the solution and tho steel 
cool; the temperatures should not exceed about 20° C. A 
little practice is necessary in order to know how much 
pressure to use. It is worth remembering that there are 
usually two fractured surfaces to each fracture. 


iMtcription of Figt. 1 to 8 (Plat,' /.). 


Figure. 

Printed upon Sulphuric Add 
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DISCUSSION. 

Dr. W. Rosen rain (Teddington) congratulated Dr. Rogers on the 
ingenious method which he lmd devised for taking sulphur prints from 
fractures. He was much interested in the study of fractures, and 
appreciated any new method introduced ; hut the present method had 
the limitation, common to nil sulphur prints, that no magnification 
could be obtained. Thus, although the process gave a general idea of 
the distribution of the sulphur, a detailed knowledge could not be 
obtained; yet in many cases on exact detailed impression was of very 
great importance. On examining Dr. Rogers' prints it was difficult 
to say whether they represented a very large number of minute 
sulphide globules which might bo more or less harmless or a smaller 
number of large ones which would Ire very injurious. Another diffi¬ 
culty with regard to Dr. Rogers’ prints was that they wore not flat, 
and when they came to bo reproduced for purposes of permanent 
record that became a serious matter, because in the photographs it 
was impossible to say what was light and shade effect duo to the 
“relief" of the prints and what was darkening due to sulphur. 
Prolmhly Dr. Rogers would render his process still more useful if he 
could devise some means of projecting the prints on flat surfaces. 
Could not that be done by covering the front of the print with a layer 
of thick transparent celluloid and afterwards removing the opaque 
clay backing and looking through the print by light transmitted 
through the celluloid f 

Then Dr. Rogers confined himself to prints of the sulphides of iron 
and manganese. It might, however, be possible to adopt the method 
of Heyn, who originated those contact prints. Heyn nsed mercuric 
chloride as a sensitive substance, and thus obtained prints of the 
phosphide distribution, lie (Dr. Rosenhain) was particularly inter¬ 
ested in Dr. Rogers’ view as to the large proportion of sulphides to be 
found tin fractured surfaces; any additional evidence ns to the part 
played by sulphide enclosures would be most valuable. 

0 


COR RESPl tNDENCE. 

Mr. C. H. Ridspalk (Linthorpe) wrote that so far as a sulphur 
print of a fracture could be of any use. Dr. Rogers apja?ared to have 
devised a very good way to obtain one. He (Mr. Ridsdale) had from 
time to time tried to get one by pressing damp bromide paiter with 
thick filter paper backing (much as a stereotype was taken) on the 
fracture, hut Dr. Rogers’ method appeared to be decidedly ltetter. It 
was questionable, however, whether a print of the cross-section of a 
fracture was a guideto the cause of it; such an instance was very rare 
in his (Mr. Rhlsdale’s) experience. As a rule, unless very old or badly 
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damaged, it could lie seen from the fracture itself at what point it bnd 
started, anil a local flaw, mark of a blow, or other indication could be 
carefully looked for there. Almost invariably, however, if fouud, it 
was on the side view, not the front. Most readers of the paper would, 
he thought, carry away the impression that a considerable proportion 
of fractures were due to segregation, particularly of sulphur; nnd 
further, that even 0 05 per cent, was a dangerous amount. Dr. Rogers 
might not hnve intended that, but he (Mr. Kid-dale) considered that 
such an impression would be very misleading, especially to laymen or 
those who had not much experience, nnd, therefore, it ought to be 
corrected. Hoth sulphur and segregation as causes of brittleness were 
very much overrated “ bogies,” and although he held no brief for 
either, there was Buch abundant evidence of the fact that they could 
not afford to iguure it. In fact, such opinions had their stronghold in 
academic rather than practical circles. 

Ho wished, therefore, to warn investigators to keep a perfectly open 
mind, and not to start with the preconceived feeling that if they could 
find from a sulphur print a little segregation that would be the cause 
of fracture. That note of caution, however, did not in any wav detract 
from the credit due to the author for his very ingenious wav of sur¬ 
mounting the difficulties of getting a print from a fracture when it 
was necessary. 

Dr. J. L. Stead, F.R.S., \ ice-President, wrote that he had read Mr. 
Ungers’ paper with great interest. There could lie no doubt whatever 
that some such method as that proposed by tbe author would be useful 
when it was not practicable to get polished sections to work on. Ho 
himself had used silver bromide paper made into a pulp, which ufter 
being moistened with sulphuric acid was pressed upon fractured sur¬ 
faces, and in that way he had obtained useful impressions, but not 
nearly so good as those obtained from smooth surfaces and acidulated 
bromido paper. As the author ha-1 provided him with some of his 
specially prepar.-d diverged medium lie had tried it in his laboratory ; 
it gave the results which the author claimed. By its use it was ve’ry 
easy to find whether there was axial or local segregation of sulphur on 
the fractured surfaces of rails, billets, and bars 

Referring to tbe effect of threads or seams of sulphide of manganese 
in tubes, there could be no doubt that they were a disadvantage, and 
tended to reduce the bursting sbvngth of the tube*. For thnt reasou 
all tubes which had to bear grent internal pressure should be us low 
as po-stblw in sulphide of manganese. Long, continuous, and thick 
threads or seams of manganese sulphide on the outside portion of 
tubes were exactly equivalent to threads of slug or even to rokes, and 
if present when the steel was under tension, the seams would be linble to 
open out at the points where t hey existed, and lend to compl-te fracture. 
The photograph referred to by Mr. Rogers in a lecture he (Dr. Stead) 
had given in Sheffield had been reproduced on the last pug., of the wiper 
on “ The Welding-up of Blowholes and Cavities in 8tee! Ingots,” and 
showed, just as Mr. Rogers had pointed out, that fracture starting at 
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a sulphide flaw might extend beyond it; but in tliat particular speci¬ 
men the sulphide of mnngauese thread was embedded in material rich 
in phosphorus, a circumstance which was favourable for the extension 
of the fracture. In his opinion, sulphur segregation in the centre of 
rails, plates, and axles, if not coincident with unwelded “ pipes,” or 
unsoundness, should not be regarded as harmful. The appearance of 
fractures might indicate whether such unsoundness exists. Axial 
segregation was often associated with unsoundness, and he believed 
that failures in segregated rails were the result of unsoundness rather 
than of segregation. 

Dr. Rooeds wrote in reply to Dr. Roseuhain’s remarks, that he 
did not think that in practice any high sulphur areas which were not 
apparent without enlargement upon the properly made print would 
bo very material. The more elaborate methods wore always available, 
and in fact necessary, if a fault had to l>e further studied. He w;is, 
however, making experiments in some favourable cases in stripping 
the film from its support so that it could be transferred to a paper 
support or a lantern slide. As a transparency they must remember 
that the contrast would be distinctly poorer than as a print viewed 
by reflected light. From Mr. Ridsdale’s and Dr. Ktead a remarks it 
was evident that other investigators hud felt the need of a convenient 
means of testing a fractured surface for sulphur, and he (Dr. Rogers) 
knew that others had realised the same necessity. He could by no 
means endorse Mr. Ridsdale’s view that sulphur and segregation as 
causes of brittleness were overrated, as ho had known disasters to 
occur through culpable ignoring of the importance of these imper¬ 
fections. Certain kinds of products were from their form or from its 
relation to the ingot particularly susceptible to trouble from that cause, 
as for example the tubes mentioned by Dr. Stead, and tires. Relatively 
small external segregations, which existed more frequently than was 
recognised, were a source of danger in almost any article. He (Dr. 
Rogers) had known cent tally segregated rails, which showed no 
evidence of unsoundness such as unwelded pipes, to fail l»oth in test 
and in service. One of the most certain means contributing to the 
avoidance of segregation was to minimise the elements which segre¬ 
gated harmfully. He ventured still to hold that 0"05 per cent, of 
sulphur would be a dangerous specification for some important 
purposes. That was the opinion of the British Standards Committee 
which, he thought, Mr. Ridsdale would not consider an academical 
body. He was able to say tluit the method of printing from a frac¬ 
ture was being found useful in the ways he hod suggested. 
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ON THE ORIGIN OF TFTE IRON ORES OF 
SWEDISH LAPLAND. 

Bv L. LEIGH FERMOR, A.R.S.M., D.Sc.. F.G.S. (Calcutta). 


CORRESPONDENCE. 


Dr. L. L. Fehmoii 1 wrote regretting that he had not been able to 
reply earlier to Mr. Hoalxinan'R remarks on his paper on the Laponiati 
iron-ore deposits. They wore received in camp in India away from 
any library, and, owing to Mr. Herdsman's references to definite pages, 
it had been necessary to obtain by post from Calcutta Mr. Herdsman’s, 
!>r. Stutaer's, and his (Dr. Fermor’s) own papers. 

It was pleasant to discuss so interesting n subject with such a 
courteous controversialist as Mr. Herdsman, and ho (Dr. Fermor) 
would say at once that he thought Mr. Herdsman had supported 
very ably what he (Dr. Fermor) regarded as an untenable position, 
namely, the sedimentary origin of the iron-ore deposits of Swedish 
Lapland in general, and of Kiruunvaara in particular. 

The two papers read side by side might serve the useful purpose 
of setting forth briefly the opposite sides of the question. In taking 
up the magmatic position he was, of course, but agreeing with many 
other geologists, and consequently it was unnecessary for him to 
treat in detail a subject that had already been dealt with verv fully, 
especially by Stutier and Geijer. The object of his paper was' there¬ 
fore, to place More the members of the Institute a brief coition 
of the magmatic view, and so to prevent, if possible, the promulgation 
of what he regarded as retrograde ideas on this subject 

In considering Mr. Herdsman’s remarks it was well to take his last 
paragraph first, for m it he expressed a very comprehensive view of 
the origin of tron-ore deposits in general, with the foUowing words: 

“ He also ventured to affirm that all known magnetite deposits 
without exception were thermally metamorphosed ore concentra¬ 
tions pre-existing ju, sedimentary or replacement deposits, the 
Norwegian and other dmenite and titaniferous magnetite ore 
bodies being metamorphosed ancient fluvial or moriimconcentra- 
tions of those minerals such as he had previously referred to. 
There was thus in his opinion no room for a magmatic theory 
in connection with iron-ore deposits, and though tUt theory was 
much in evidence at the present time, he was confident that it 
would in due time bo found untenable.” 


i [This conununicaiwn was recrfmi too lau, for indmiou in the Uut volao* of the 
Journal. in which Mr. Fermor % paper is published.—E d. 1 


i paper is published.—E d.] 
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With that statement Mr. Herdsman ascribed, therefore, a uon- 
magmatic origin to such a deposit as that of Taln-rg in SmMand in 
Southern 8weden, which was regarded as one of the host and most 
undoubted examples of magmatic differentiation known to science. 
To deny the magmatic origin of that deposit was to deny not only the 
magmatic origin of any and every iron-ore deposit, but also (because 
such denial postulated the falsity of many of the fundamental con¬ 
ceptions of petrology, such as that gabbro was a plutonic igneous 
rock, and therefore of magmatic origin), the magmatic origin of 
chromite 1 todies in peridotite and serpentine, and of the nicktdiferous 
pyrrhotites of Canada and Norway. It was desirable, therefore, to 
mention briefly the evidence on which a magmatic origin had been 
ascribed to the Taberg deposit. 

At Taberg a small lens of olivine-nortte (gabbro), about 2 kilo¬ 
metres long and 600 millimetres broad, was surrounded by gneisses, 
into which it was intrusive. That norite consisted of plagiodase felspar, 
rhombic pyroxene, diallage, olivine, apatite, magnetite and ilmenite. 
As the ceutre of the lens was approached the rock changed gradually 
in minernlogical constitution into one composed of predominant tituno- 
mngnetite with olivine, with subordinate biotite and plagioclose, and 
known as magnetite-olivinite. That rock constituted the ore, and in 
its most central portion the plagioclase was completely absent. The 
ore mass was about 1 kilometre long and 400 millimetres broad, 
and formed a bill 130 millimetres high with reference to the sur¬ 
rounding country of norite and gneiss. It contained 31 to 33 per cent, 
iron with about 6 per cent, of TiO,. Gnbbrus and norites were 
admitted by all petrulogist* to be plutonic igneous rocks, and as there 
seemed to be no doubt about the gradual mineralogical passage of 
norite into magnetite-olivinite at Taberg—the ore-rock being com¬ 
posed of minerals found also in the norite—it could not be doubted 
that the central magnetite-olivinite (titaniferous iron ore) had been 
formed by magmatic differentiation in ritu from the original norite 
magma. 

Equally definite as regards origin and relationships were the 
rocks of the Ekereund-Soggenclnl region of Norway, where streaks 
(schlieren) of ilmenito-rock and of ilmenite-uorite were found within 
an enormous mass of anorthosite under conditions that proved them 
to be genetically related to the anorthosite, which all petrologists 
accepted as a plutonic igneous rock of the gnbbro family. Here also, 
consequently, there seemed to be no room for doubt as to the magmatic 
origin of the ilmenite bodies, which had so far yielded about 100,000 
tons of ore with 36 to 40 per cent. TiO, and 36 to 38 per cent. Fe. 

Reference to auv of the general works on ore deposits would give 
numerous other examples of iron-ore deposits that it was practically 
impossible to explain concordantly with the facts as either metamor¬ 
phosed sedimentary or metamorphosed replacement deposits. Perhaps 
the best and most convincing reading for the confirmed sedimentu- 
tionist who wished to be converted would be pages 239-274 of the 
section entitled .1 Itvpncituche Knauttehtidta^jen in that magnificent 
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exposition of the whole subject of ore deposits now appearing under 
the title of Die La/jvmtatten tier Jfutsftaren Miner alien und Ueeteine, 
by Professors Beyschlag, Krusch and Vogt. In that section might 
be detected the master hand of Professor Vogt, an enthusiastic 
mugiuutist. Ho (Dr. Fermor) doubted if Mr. Herdsman, after a 
careful perusal of the portion recommended, would bo able to retain 
his sedimentary theories. Should he succeed, however, ha thought 
he would be doing a service by explaining in print in what way the 
facts presented in the work referred to had been misinterpreted so 
as to lead many geologists to a magmatic theory when a sedimentary 
theory was the correct one. 


Where the divergence of opinion on the origin of the iron-ore 
deposits of Lapland in particular, and of all iron-ore deposits in 
general. 1 was so absolute, there seemed to be little point in subjecting 
to detailed analysis Mr. Henlsuiau’s criticisms of his paper. Never 
theloss, it might be as well to treat them briefly. 

In again referring to I)e Launay's opinion that the iron ores of 
Upland were sediments, it seemed to Dr. Fermor that Mr. Herdsman 
took a lino unfavourable to his caso. Mr. Herdsman supposed both 
the foot wall and hanging walls of the iron-ore bodies to bo metamor¬ 
phosed sediments. Do Uunay, however, supposed the underlying 
and overlying porphyries of Kinina to be surface lava flows, whilst, 
as Dr. Fermor had already pointed out in footnote 2 on ituge 113 of 
his piper, De Launay s explanation of the sedimentation of the iron 
ore itself referred to quite a different sort of sedimentation from that 
ordinarily understood by the term. The iron ore according to that 
explanation was of pneumatolytic-hydrothermal origin, having been 
emoted from a submarine lava flow as vapours of ferric chloride and 
sulphide. I he foregoing was based on the account of De Launay’s 
hypothesis as summarised in Stutter's paper and in the work by 
I ley M-hlttg- Krusch-\ ogt already cited (page 272). It seemed to dis- 
agree with the quotation from De Uunay given bv Mr. Herdsman, 
and he (Dr. Fermor) could only suppose that the sedimentary rocks 
referred to in that quotation were the admittedly sedimentary (at 
east in parti kurruvaaru and Haulu series, forming the foot and 
hanging walls of the porphyries. The meaning to be attached to 
sedimentation tn that passage when applied to the iron ores was 
probably the pneumntolytic-hydrothennul one mentioned above 

In the next paragraph of Mr. Herdsman’s remarks occurred the 
passage "including no doubt numerous intercalated sandstone beds," 
that was, intercalated in the supposed original ,-lavs and shales But 
no remnants of original sandstone bed. were now traceable in the 
hanging and fiwtwall ,sirphyr.es of Kirunu, so that Mr. Herdsman 
must suppose tbase original sediments to have been reduced to a 
state of such extreme flu.d.ty that the original samlstonee and shale, 
became incorporated one in the other. Mr. Herdsman was, therefore, 


> By that is meant ** treated as a whole." Of 
deposits of iron ore were of sedimentary origin. 


coursc * hr. Fcnnur admitted that some 
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postulating the admixture, whilst iu a state of fusion, of adjacent beds 
of different composition, a result diroctly opposite to that obtained 
by magmatic differentiation. One might legitimately expect the 
original ferruginous sediments to share in that process, and to 
become admixed with the molten shales and sandstones with produc¬ 
tion of iron-silicate minerals, instead of suffering a natural refining 
process, as required by Mr. Herdsman's theory. 

Even supposing there were sandstone layers intereilated between 
the hypothetical beds of shale and day, the additiou of that extra 
silica would not account for the differences already noted by him 
(Dr. Fermor) (p. 119) between the composition of the porphyries and 
any product one might expect to obtain by the metamorphism of 
shale and sandstone with the additiou of further supplies of material 
from the ore-bed. Mr. Herdsman admitted that the Kirunn por¬ 
phyries showed “all the characters of rocks solidified from fusion.” 
Hence the chief difference of opinion Beemed to be that Mr. Herds¬ 
man imagined a magma formed by the fusion of sediments, while 
bo (Dr. Former) imagined one derived from plutouic sources. The 
chemical composition of the porphyries supported, he thought, the 
latter supposition. 

The rocks of Gellivare, which Mr. Herdsman considered showed 
signs of less metamorphism than the Kiruna ores, showed him 
(Dr. Fermor), judging from microscopic examination, that they had 
solidified from fusion, and had been subjected to dynamic pressure, 
either after or during solidification. Assuming the latter alternative, 
the difference between the pressure conditions at Kiruna and at 
Gellivare might bo expressed by saying that the rocks of Kiruna 
solidified frtim fusion under conditions of static pressure, whilst those 
of Gellivare solidified under conditions of dynamic pressure. 

When Mr. Herdsman said that the “average phosphorus contents 
of these deposits (the magnetites) is everywhere from 1 to 2 per cent.," 
the word “ everywhere ” wus taken by Dr. Fermor to imply that the 
averages were taken separately for separate parts of one deposit. 
He (Dr. Fermor) saw now that Mr. Henlsnmn really meant that the 
average for the whole of each deposit was l to 2 per cent. That was 
probably the case, judging from the published figures; but the fact 
that the phosphorus contents of various parts of the Kirunn deposit 
must vary from almost nil up to nearly 18 per cent, did not (if it 
meant anything one way or the other) supjiort the idea that those 
phosphoric ore* were of sedimentary origin, as in such a case a more 
uniform distribution of the phosphorus might have been anticipated. 

Coming now to the titanium point, it would be seen that according 
to Geijer the TiO„ contents of the syenitic group of rocks had no 
relation at all to that of the iron oxides, but that Stut/er referred to 
leucoxene borders to magnetite in the syenitic rooks. Those two 
statements were not mutually contradictory, as the lnrger portion of 
the TiCC was stated by l ieijer to be present as sphene, and u very 
small proportion only os ilmcnite. It was presumably the latter that 
had given rise to the leucoxene, and the implied association of a 
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small amount of ilmenite with the magnetite explained that certain 
small quantity of XiO* (0-15 to 0'8 per cent.) actually present in the 
Kiruna ores. 1 

If, however, Mr. Herdsman wished to persist with his point that 
because the magnetite ore-bodies did not contain as much TiO.j as he 
would have expected had they been formed inugiuutically from syenitic 
magmas, then clearly ho would bo unwise to include the ilmenite and 
titaniferous magnetite deposits as examples of metamorphosed ancient 
fluvial or marine concentrations, as he did in the final paragraph 
of his remarks, for, in the case of these titaniferous ores, there was 
every gradation from the enclosing gabbros or anorthosites to the 
central ore-bodies, which, by implication, Mr. Herdsman was prepared 
to admit as evidence of magmatic segregation. 

• DU /-JftnturtcH Jtr Xmhiaren Mintralu* und Gattimt, p. iff!. 
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T1IE ANNUAL DINNER. 

The Animal Dinner was bold in the Great Hail of the Connaught 
Rooms, Great Queen Street, London, on Thursday, May 9, and was 
attended by over 400 members and their friends. 

The chair was taken by Mr. Arthur Cooper, President, and among 
those present were: Mr.J. M. Robertson, M.P., Parliamentary Secre¬ 
tary to the Hoard of Trade ; His Grace the Duke of Devonshire, Past- 
President; Sir Hugh Hell, llart.. Past-President; Sir Robert llodfield, 
F.R.S., Past-President; the Right Hon. Lord Airedale of Gledhow; 
the Right Hon. Lord Glantawe of Swansea; Dr. W. C. I nwin, 
F.R.S., President, Institution of Civil Engineers; Mr. Percy Gilchrist, 
F.R.S., Vice-President; Sir William Rniusay. K.C.B., F.K.S., Presi¬ 
dent of the British Association; Sir Edward Johnson Ferguson, 
Hart.; Mr. William Beardmore, Vice-President; Sir W ll l inn i \Y bite, 
K.C.B., F.R.S. ; Mr. E. Sclxaltenbrand; Dr. E. Schrodter; Mr. 
W. B. Peat; Mr. W. Evans; Vice-President; Sir John S. Handles; 
the Rev. Dr. Gow, Head-Master of Westminster School; Lieut.-CoL 
P. G. Von Donop, R.E., Inspecting Officer of Railways, Hoard of 
Trade; Mr. A. Greiner, Vice-President; Mr. C. J. Bagley, Member 
of Council; Mr. R. A. S. Redmayne, HAL Chief Inspector of Cool 
Mines ; Mr. J. M. Gledhill, Member of Council; Mr. W. E. Garforth, 
President, Institution of Mining Engineers; Mr. Hltyd NV illuuns, 
Member of Council; Mr. Edward Hooper, President, Institution of 
Mining and Metallurgy; Mr. Francis Samuelson, Member of Council; 
Dr. Paul Goerens; 3D. A. Lamberton, Member of Council; Mr. 
Leslie 8. Robertson ; Mr. M. Mannabcrg, Member of Council; General 
Leandro Cubillo; Mr. C. Vattier, Delegate of the Chilian Govern¬ 
ment; Mr. E. B. Ellington, 1‘resident, Institution of Mechanical 
Engineers; Sir H. F. Donaldson, K.C.B., Chief Superintendent 
of Royal Ordnance Factories; Mr. J. Stephen Jeans; Mr. Arthur 
Balfour, Master Cutler of Sheffield; Sir A. Seale 11 as lam ; 3D. J. 
A. F. Aspinull. and 3D. H. de Gorski. 

The President gave the toast of “ His Majesty the King" (Patron 
of the Institute), and of “ ller Majesty Queen Mary. Queen Alex¬ 
andra, His Royal Highness the Prince of Wales, and other 31embcrs 
of the Royal Family.” 

3D. J. M. ltonKHTSoN, M.P., Parliamentary Secretary to the Board 
of Trade, proposed the toast of “Kindred Institutions.” He said 
that it was in the enforced and regrettable absence of the President 
of the Board of Trade that he, as one of the humbler instruments of 
that Department, hod the honour of proposing that toast. That 
1 apartment had various and frequent intercourse with tho various 
forms of industr ial life in Great Britain, and the phrase “ Kindred 
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Institutions" suggested to the mind nil the developments and 
ramifications of that great industry for which the Iron and Steel 
Institute stood. It hud been said by a German thinker that “Tho 
man who made the first wheel was tho father of all machinery,” but 
he assumed that the first wheel was made of wood, and machinery 
would have made but little progress unless iron had been introduced 
into its construction. The institute was happily immune from politics, 
but perhaps it was capable of being brought into philosophic com¬ 
parison with the political side of human life. If they made a broad 
comparison of modern civilisation with the civilisation of antiquity 
they were entitled to say that it developed mainly in two respects, 
politically and scientifically, and when he refereed to scientific 
development he had in mind the application of science to the works of 
man. He supposed that, anthropologically speaking, man had been 
in the iron age for some thousands of years, hut it was only in the Litter 
phase of that age that ho had really come into his kingdom. Tho 
iron ago was the age of |»eaceful progress, and notwithstanding the 
manufacture of munitions of war. it was the great symbol of the 
peaceful conquest of nature. In speaking of kindred societies, he 
had in mind the great societies devoted to engineering, mining, and 
metallurgy the whole world over, whose members were the men who 
tunnelled mountains and pierced the sea, who constructed railways, 
planned great bridges, and built mighty ships. To speak of ships at 
that moment was inevitably to recall the Titanic disaster, of which 
they could only think us of on earthquake that had shattered a city. 
While under the shadow of that terrible disaster it was some consola¬ 
tion to recall the fact that in the ten years preceding that calamity 
British ships had carried across the Atlantic six millions of passengers 
with the loss of only nine lives. In regard to the trade of Great 
Britain, it was some satisfaction to know that even in the month in 
which the recent coal strike commenced, the trade of the country 
nearly maintained the great rise which it had been recently making, 
and but for the coal strike the figures would have been the best on 
record, independent of the fact that the figures of imports anil re¬ 
exports for the mouth were the highest in the history of the country. 
He might be permitted to augur from thut that the industrial outlook 
was satisfactory. Tho toast was coupled not only with the name of 
the President of the Institution of Civil Engineers, hut with names 
associated with great foreign branches of the universid industry for 
which their Institute stood, and it might be fairly said that science 
spoke hut one language for all mankind. He was reminded, and the 
fact was one which should make for goodwill among the nations, that 
the wonderful modern industrial development by one of the very 
greatest of the kindred nations was associated with a British 
invention, and it was a pleasant thought to him that it was a 
British invention, tho Gilchrist-Thomos process, which underlay the 
great modern developments of the German iron trade. That being 
so, it was not too much to say that commerce was tho great peace¬ 
maker in the world, and that it was commerce that drew men of 
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different, nations together, and that while commerce wrta the peace¬ 
maker applied science wua the universal benefactor. He gave them 
the toast of “ Kindred Societies," associating that toast with the 
names of Dr. Unwin, President of the Institution of Civil Engineers; 
Dr.lng. E, Schrodter, General Secretary of the Society of German Iron¬ 
masters; and Mr. A. Greiner, Past-President of the Urge Association 
of Engineers and Councillor of the International Testing Association. 

Dr. W. C. Unwin, F.R.S., President of the Institution of Civil 
Engineers, in responding to the toast, said that he had Itoeu selected 
for that duty as the President of the oldest of the Societies devoted 
mainly to ap|died science. Iron bad now, of course, been deposed 
from the great position it held fifty years ago by its younger rival 
steel, although perhaps it would be mare correct to call mild 
steel ingot iron. He could remember some of the last of the great 
wrought-iron bridges and tho construction of some of the first *Uel 
bridges, and sjieculations might be indulged in as to the place 
which would be taken in the future by the new alloys of iron, in the 
production of which Sir Robert Hadfield had played so great a part. 
The real achievement of Great Britain in the last century hud been 
the establishment of the great industrial system which had made 
society what it was to-day. He referred to the manner in which civili¬ 
sation, as it was understood to-day, depended upon the utilisation of 
the energy stored up in our coal resources. Iron was required in 
generating and distributing that energy. It had been said that in 
the utilisation of the energy of coal the world had been made filthier. 
There was some truth in that, hut with the further progn-.- of 
science they might hope for less smoke. Of the kindred societies 
tho earliest was the Iloyal Society, which was founded in 1660 by a 
few men gathered together by Sir Christopher Wren. Tho Royal 
Society concerned itself with the most recondite and fun d am en tal 
problems of science, but in earlier days it took great interest, not only 
in pure science, but in the applications of science. It was interesting 
to remember that Savcry's steam-engine was shown at the Royal 
Society in 1689, and as early as 1708 tho Society concerned itself with 
a project for propelling boats by the ageney of heat, and Robert Hope 
would very much have liked to put that project into practice, but was 
unable to do so for want of funds. The Royal Society in very early days 
took into its ranks the engineer Smeaton, thus showing its interest in 
applied science. Notwithstanding its royal patronage the Society 
sufferer! in its early days from want of funds. There were members 
who did not pay their subscriptions, and indeed Newton was excused 
the payment of his subscription by reason of want of means. It was 
characteristic of the Institution of Civil Engineers that it had 
included within its ranks members of every branch of the great 
engineering profession, and had contributed to the advancement 
of engineering during the whole of tho last century. By having 
these men within its ranks, in stimulating research, in recording 
discoveries in its transactions, and in publicly discussing such dis¬ 
coveries, the Institution had contributed to the advancement of 
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science and its application. It would be impossible to over-rate 
the advantage of the work which had been done by the Institution 
of Civil Engineers and the group of societies to which it had given 
rise. There was a great field for the activity of such institutions, 
and that was in connection with research work. A great deal of 
research work had been done by private individuals and in the 
laboratories of works and factories, but there was a great deal of 
research which did not open up any prospect of any immediate return, 
and in work of that, nature the kindred societies were now taking 
their fair share. 

I)r. K. Schkodteh, General Secretary of the Society of German 
Ironmasters, said it was his grateful task to speak on behalf of the 
German Ironmasters’ Association. If for Germany tho universal 
dream of peace should Ik» realised, then the Iron and Steel Institute 
would be able to say that it had taken a prominent part in (a-rform- 
ing such humanitarian work. S]>eaking from the German standpoint, 
he believed that the election of Mr. Arthur Cooper as President wo* 
the best possible promoter of international friendship. Ilis German 
friends sent a message of congratulation to the President, with their 
sincerce wishes for the continued prosperity of the Iron nnd Steel 
Institute, lie personally wishes! Mr. Cooper a successful period of 
office. 

Monsieur A. Gkrixer, Vice-President, Pnst-President of the Liege 
Association of Engineers and Councillor of the International Testing 
Association, said he felt that it was a great privilege that his name 
should have been coupled by Mr. Robertson with those of other repre¬ 
sentatives of prominent kindred societies. The Associations with 
which he had the honour to be connected were proud to feci that they 
enjoyed the close friendship of the Iron nnd Steel Institute. The 
Association des Ingenieurs -ort is tie l’Ecole de Liege iu jmrtieular 
was one of the oldest engineering societies, as it was founded ns far 
back as 1842 ; and the International Testing Association carried on 
a work closely allied to that of the Irou and Steel Institute. As the 
name of that Association implied, its chief object was the study of 
practical method- of testing the physical and chemical properties 
of metals, so as to secure uniform international practice in the matter 
of testing. It needed no words of his to emphasise the advantage of 
lieing able to carry out tests upon a material in one country which 
would l«9 comparable with those made in another, and iu that respect 
tho Association could justly claim to have accomplished much useful 
work. The Iron and Steel Institute had, he lielieved, twenty-four 
nationalities represented within it, and about the same number were 
represented in the International Testing Association, from which he 
thought it would be agreed that science recognised no boundaries of 
nationality or of race. They worked together not ouly for the good 
of the particular country to which they belonged, hut for the advance¬ 
ment of scientific knowledge in the world at large. He hnd to thunk 
Mr. Robertson for the very kind terms iu which he had referred to 
the Association which he had the honour to represent. 
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Sir Robkjit Hadfixui, F.R.S., Past-President, in proposing the 
toast of “The Guests,” said that, the pleasure of proposing that toast 
was the greater owing to the number of distinguished men who were 
present that night. These included Sir ‘William Ramsay; Dr. Uuwiu, 
the President of the Institution of Civil Engineers, the new building 
for which, he was glad to say, was making excellent progress; and 
Dr. Sehrodter, whom they were all delighted to see from Germany. 
He hml had an opportunity of inspecting some of the great works in 
Germany, and had been much impressed at the progress which wan 
being made. He was sure, however, that Dr. SehrOdter would forgivo 
him for claiming that Great Britain, too, was still holding her own. 
They were glad to see present that evening their continental friends. 
He hoped Dr. Sehrodter would take I tack to Germany from that 
gathering the certainty that there was no uuiu present who did 
uot wish to see good relations continue between Germany and 
England. Germany had great difficulties to face, and could not 
l»e blamed for making the same preparations tlmt Great Britain had 
the right to do. He had hud the pleasure of seeing, while in Berlin, 
some of the wonderful German scientific institutions, and only last 
week he hud had the pleasure in London of meeting some of the lead¬ 
ing German scientism. A visit was at the same time paid to 
Sheffield, nnd their German friends had expressed their pleasure at 
the progress being made in that great city. He wished to refer 
briefly to their new President, Mr. Cooper. Mr. Courier was really 
a chip of the old block, for he came from Sheffield, and his Sheffield 
friends were glad to see him in the chair and to wish him every 
success. With regard to Sir William White, with whose name the 
too*!, was coupled, they were all aware of the good work he had done 
for the Institute. They also had present that night Mr. Robertson 
of the Bourd of Trade, and they all watched with great interest the 
work of that department, which was of great importance. Mr. 
Robertson had referred to the Titanic , and he (Sir Robert) might 
perhaps be allowed to say that it was no defect of material which 
caused that disaster, and that there was nothing wrong with the steel¬ 
work in that ship. It was the result of unfortunate circumstances, 
und they all sincerely hoped such a disaster would nbt occur aguiri. 

Sir WinniAu Wuitb, F.R.8., K.C.B., said it was the usual custom 
to begin a speech on lie half of the guests by speculations as to why 
the man whose name was associated with it had been chosen to 
represent distinguished visitors. He did not on that occasion pro¬ 
pose to trouble them with any observations of that character; he 
was quite content to have the honour in that distinguished gathering 
of expressing to the President ami members of the Iron and Steel 
Institute the grntitnde which all the guests felt at being invited to 
that splendid banquet and for haring such a pleasant evening. He 
was the more grateful because there was a time when he was a 
member of the institute, but owing to the way in which the number 
of his subscriptions had increased he had taken the liberty of passing 
from tho list of members to the outside, and now had the pleasure of 
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being present ns n guest of the Institute, nnd should continue to 
come os long ns nn invitation reached him. It was n large order to 
represent the guests assembled there that night, distinguished men 
from many countries, men distinguished in many ways. One guest 
present that night, the President of the British Association, might 
have bettor performed the duty; but perliajs! they had fought a little 
shy of him, because be had been giving currency to an idea in regard 
to dealing with the coal dejiosits of this and other countries, which 
might not have been altogether well received by some members of the 
Iron and Steel Institute. He was, however, sure of this, that if Sir 
William Ramsay had riseu and explained, in the attractive mnnner of 
which he was such a master, the great features of that scheme, it would 
have been much more interesting than anything he (Sir William 
White) could have to say. First of all, on behalf of foreign guests, 
he would like to say how much they appreciated the honour of being 
present, that night; and as the representative of the German iron¬ 
masters had said, meetings of that kind afforded a favourable oppor¬ 
tunity for doing the wonderful work of bringing nations together 
in which the Iron and Steel Institute lmd played so great n |Kirt. 
He heartily endorsed what bail been said on that head. Speaking 
for the home guests, they werealBo debtors to the Institute and were 
happy to have the opportunity of acknowledging the debt If he 
might, lie would like to express the pleasure it was to him to be there 
with Mr. Cooper sitting in the choir as President. Those who hnd 
had to with the great work of standardisation, which had been pro¬ 
ceeding in Great Britain and throughout the world for many years, 
knew how excellent and valuable had been the assistance which lmd 
been given by Mr. Cornier in bringing closer together users and 
manufacturers of materials to the mutual advantage of both. They 
wished Mr. Cooper a most successful period of office, and they had 
the assurance that it would be 60 , because to high personal qualities 
was added a professional standing and distinction which ensured 
success. He would like to make one reference to a matter in which 
he had been able to play some part of late, and in which he hoped 
members of the Iron and Steel Institute would take an active interest 
in common with nil English-speaking engineers throughout the world. 
Wbon lie was in the 1 nited states last November it was represented 
to him by those connected with engineering and the iron and steel 
industry that it was fitting there should be placed in Westminster 
Abbey a memorial window to a great man of science and engineer. 
Lord Kelvin. Lord Kelvin was buried in the Abbey, and they would 
hear from their Secretary very soon in a more formal fashion, that, 
out of that suggestion which originated in the U nited States had come 
action which was being taken by the parent society, the Institution 
of Civil Engineers, which they lielieved and hoped would result in a 
memorial window being placed iu Westminster Abbey to represent tbe 
reverence, affection, ami esteem which all English-speaking engineers 
throughout the world felt for the memory of Lord Kelvin. There 
was a saying which he could not quote exactly, although he had 
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heard it used at a dinner of the Iron and Steel Institute by a master 
of eloquence, whom he did not pretend to emulate. Speaking of the 
widespread influence of the Iron and Steel Institute and of the many 
friendships which had grown up under its shadow, he ended by hoping 
that the phrase, “ Grapple them to your hearts with hoops of steel " 
would nlways remain the motto of the Iron and Steel Institute. 

Mr. \V. B. Peat proposed the toast of the Iron and Steel In¬ 
stitute. He said that through the courtesy of the President and 
the Secretary he had been invited to fulfil a somewhat difficult task 
under any circumstances—namely, to propose the toast of “Tho Iron 
and Steel Institute.” He said “ difficult under any circumstances,” 
but he was encouraged by the remark once made by an eminent man 
in the steel trade that “a preacher who could not strike oil in ten 
minutes had better cease boring." He fully appreciated the honour 
which hud been conferred upon him, the imjsirtance of which was 
measured by the fact that in proposing that toast, great names, such 
as Lord Alverstone, Duke of .Norfolk, Lord-Justice Fletcher Moulton, 
Sir Edward Grey, the lnte Lord Airedale, and Sir H. Llewellyn 
Smith of the Board of Trade, had been associated. If he attempted 
to attain to tho staiidurd of any one of the speeches which were deliv¬ 
ered on those occasions he would lamentably fail, and further, it would 
be impossible for him to approach the subject with the knowledge 
of affairs which any one of those gentlemen possessed. But he had 
the advantage in addressing them of being able to say that he was a 
looker-on with such knowledge as figures could give of the industry 
in which the Institute was interested; and he claimed that in Buch a 
case the looker-on saw a good part of the game, and perlmps the most 
interesting part—the periodical results. The Institute was founded 
nearly two generations ago by men who enjoyed tho appreciation, and 
he might almost say the affection, of their fellow-men. Such men as 
Sir David Dale, Sir Lowthian Bell, and William Whitwell, whilo not 
seeking to curtail the commercial individuality of those engaged in 
tho steel and iron trade, conceived the idea of giving to the world 
all the benefits which flow from the elucidation of new systems of 
manufacture. The whole world was the stage on which they desired 
that the Institute should play its part, not seeking for the benefit of 
any one works or any one country ; and wherever tho iron and steel 
trades had an existence—which in those days might be from Greenland’s 
icy mountains to India’s coral strand—there it was their intention to 
spread the advantages of modern scientific methods. The policy 
founded and incorporated in the Institute was no selfish policy; 
no country and no individual was to be poorer from its operations. 
Everybody of every’ country in every branch of industry in the 
steel arid iron trade was to be benefited. The founders were 
furthest removed from: 
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" The good old rule nnd simple plan. 
That be shall take who has the power. 
And he shall keep who can." 


2 c 


402 


THE ANNUAL DINNEK. 


If a layman might venture a suggestion, it was that the Institute 
could, with advantage, travel still further on tho lines of international 
co-operation towards attaining the ends contemplated by those 
founders of tho Institute, who wisely foresaw that insular seclusion 
was not good for any country, und that the whole world might 
become the theatre of the Institute’s beneficent operations. Insti¬ 
tutes and associations did not live by conjuring with the names of 
those who, in bygone days, built them up; and he claimed on behalf 
of that Institute that the policy of its founders hud been amply 
fulfilled by the wise men who now controlled its destinies. 

Great Britain had always been represented on the Council of the 
Institute by the greatest minds engaged in the steel trade, to say 
nothing of the eminent scientists of all nations who were amongst the 
tank and file of membership. Austria wus represented on the Council 
by Mr. Kostranek ; Belgium by Mr. Greiner, than whom no one held 
a warmer comer in tho hearts of those directing the destinies of 
the industry ; France by Mr. Schneider of the l*e Creusot wurks; 
Germany by Dr. F. W. Liirronnn ami hy Mr. Springnrum, the 
eminent President of the German Society of ironmasters; Italy 
by Mr. G. E. Falck, President of the Italian Metallurgical Associa¬ 
tion ; Sweden by Mr. E. J. Ljungbnrg, the Director of the largest, 
mining company in Sweden ; and finally, the United States of 
America was represented by Mr. Andrew Carnegie and Mr. John 
Frit*, names familiar to the iron and steel industry all the world 
over. Out of a total membership of well over 2000, there wore repre¬ 
sentatives of no fewer than twenty, four distinct nationalities. 

No greater gathering of men who had made their mark in the 
greatest of the world’s industries could bo found than that assembled 
there that night The international character of the Institute was 
distinctive and unique. There was hardly an invention which bad 
formed an important epoch in the progress of the steel trade, which 
had not in the first place been brought to light in the records of the 
proceedings of the Institute. Among those he would refer to the 
Siemens process, on which a paper was read by Sir William Siemens 
in 1873. At the present moment it was not a wild statement to make 
that close on 35 million tons of steel per annum were made by the 
open-hearth process. Then there was the Thoums-Gilchrist process 
upon which a paper was read by Mr. Thomas in 1879, and although 
Mr. Thomas was no longer living, Mr. Gilchrist, his co-inventor, was 
present that night. That process rendered possible the utilisation of 
millions of tons of phosphoric iron ore; created wealth out of poverty, 
and made barren places teem with population and ring with prosperity. 

In the domain of mangnnese steel a paper was read in 1888 by Sir 
Robert lladfield, who was the inventor of that alloy, and who was 
also present that night. He would also refer to the ojam-hearth con¬ 
tinuous process, upon which a paper was read in 1900 by Mr. Benjamin 
Talbot, like Sir Robert, a Bessemer medallist, and also present 
with them. He might extern! the list, but he had done enough to 
remind them that the policyof tho Institute for twogenemtions had been 
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co-operation in the utilisation of every useful invention. If be ven¬ 
tured to trouble them for a moment longer, it was merely to touch oil 
a problem affecting the steel and iron trade, which was common to 
every country and affected every manufacturer in every country more 
or less directly (and no less important to the well-being of the industry 
than the inventions to which he had referred), and that was the unrest 
in the labour world. What use could bo made of the directing brain of 
a great industrial enterprise, and the moneys of the investing public 
which laid been put into it, unless there was accorded that third sup¬ 
port which made the whole useful, namely, a reasonable supply of 
labour on reasonable terms. It was not ns if unrest in the labour 
world affected one country and escaped others, hut there was a grow¬ 
ing solidarity of labour, evidenced by the fact that in the recent 
.■•trike lubour delegates from Germany and France and from 
other countries visited England to confer with those dii-ecting the 
strike. It did uot appear that the industrial unrest was altogether a 
11 nest ion of wages; it had been well said that the toe of laliour was 
close on the heels of capital, and encroaching on its very existence, 
lie recalled the fable of the frog, whoso attenuated limljs held a con¬ 
ference and decided to claim a greater share of the good things which 
the head and body seemed to retain. No possible solution presented 
itself—the limbs could not act. ulune nor could the head and body; 
and starvation alone brought those parts of the whole to realise their 
mutual dependence each on the other. Whether laltour unrest was 
dealt with by co partnership, by sliding scales Inised upon the value 
of products, ar by the old-f&shioned method of fighting to a finish; 
whether capital submitted to demands—perhaps unreasonable and per¬ 
haps made without due regard to the interests of industry; or whether 
it might be considered better to admit that the relations of labour 
and capital were os much a common feature of the common industry 
as the inventions npon which it based its prosperity, and discuss them 
accordingly, were matters upon which he did not feel himself called 
upon, or indeed capable of, expressing an opinion. That matter, 
which overweighed all others in its importance, was already in the 
minds of the governments of all the nations of Europe. To the Presi 
dent was entrusted the task of navigating the Institute along the 
channels which its founders had constructed, and of continuing a 
policy of co-operution and good-fellowship with the citizens of every 
country engaged in the iron and steel industry, giving and getting 
the liest products and the brains and the skill, of which no one country 
could claim the monoply. The President’s achievements in the trade 
in which the Institute was interested needed no comment, for they 
were kuown wherever the steel trade was known. Mr. Cooper was a 
Bessemer medallist of twenty years' standing, the foundations of 
the commercial application of the Thomas-Oilcbriat process were 
largely encouraged by him, and he was one of tho pioneers of that 
branch of industry. He believed that the Institute was happy in 
tho selection of its President, aud he believed that Mr. Cooper would 
follow worthily in the footsteps of the giants who in past times had 
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htfld sway over the destinies of the Iron and Steel Institute, lie 
had great pleasure in proposing the toast of the Iron and Steel 
Institute, and in coupling with it the nnme of their President, Mr. 
Arthur Cooper. 

The President, in reply, said that, as Mr. Peat had remarked, the 
Inin and Steel Institute was an International Association. It was true 
its headquarters were iu Great Britain, but twenty-five per cent of its 
members hailed from the chief iron- and steel-making centres in the 
continents of Europe, America, and Asia, and, as Mr. Greiner had 
pointed out, the members belonged to no fewer than twenty-four 
nationalities. He was convinced tbit the colonial find foreign 
membership was a source of great strength to the Institute, bemuse 
no country could claim to have a monopoly of tbe brains of the 
world, and it was only by the free interchange of opinions between 
men who were occupied in solving the great problems which confronted 
the industry in different parts of the world under different conditions 
that the best results could be achieved. He believed that the 1 ron 
uud Steel Institute had done much to break down the prejudice 
which formerly existed in the minds of many and caused them to 
withhold from competitors any information. It was now generally 
siecepted that tbe free interchange of ideas and opinions among 
competitors resulted in mutual benefit. Tbit constituted a sufficient 
reason for welcoming accessions to their colonial nnd foreign member¬ 
ship; hut there was another reason. Mr. Peat had referred to former 
proposers of the toast of the Iron and Steel Institute, and he would 
like to refer to one name which Mr. Peat had omitted to mention; 
it was tbnt of His Excellency Lori Htrathcomi. A few years 
ago, in proposing the toast, Lord Struthconu said that he hoped 
by means of irou and steel the Empire would be more closely knitted 
together. He would go a step further; he believed that by means 
of iron and steel not only the Empire but all the iron nnd steel 
uinklng nations of the world would be more closely knitted together, 
nml that thus the Iron and Steel Institute might assist in tbe 
permanent establishment of friendship and goodwill throughout the 
world. He only desired in conclusion to thank Mr. Peat for the 
eloquent way in which he proposed the toast and those present for 
the kind way in which they had received it. 
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Mr. William H*v*Y Blecilt, Honorary Treasurer of the Iron 
anil Steel Institute, and n trustee of the Bessemer Medal Fund, died 
on the morning of Tuesday, July 2, at the P wily croc ban Hotel, 
Colwyn Bay, at the ago of seventy-one years. He had been some¬ 
what poorly for some months, and had been staying in North Wales 
in the hope of regaining his health. By his death the Institute has 
suffered a severe loss, as throughout his wholo connection with it 
he evinced the greatest interest in its affairs, was assiduous in his 
attendances both at. council meetings and general meetings, and 
devoted to tho promotion of its interests ungrudged time and labour. 
He was an original member, having joined the Institute together 
with his brother, Mr. John James Bleckly, as far back as 1869, tho 
date of its foundation. 

Mr. Bleckly was born in 1840 at Northallerton, nnd was the eldest 
son of the late Mr. Henry Bleckly, the chairman of the Liverpool 
Quarter Sessions, and for several years chairman of tho Warrington 
Board of Guardiuns, and Mayor of tho town. He was oducnted at 
Queeuwood College, Hampshire, an establishment founded onginally 
by Robert Owen, and subsequently converted, in the year 1847, into 
a school, famous far having numbered amongst its scholars the late 
Henry Fawcett, Professor Tyndall, and several other men who have 
achieved note. Mr. Bleckly left school early, and joined his father 
at Dallam Forge in 1856. ’ At that timo the Lancashire iron trade 
was comparatively gpeaking in its infancy, but u period of pros¬ 
perity was before it, and with that prosperity Mr. Bleckly was, for 
many years, closely and directly associated. In addition to Dallam 
Forge, his father acquired Bewsey Forge, and subsequently the 
cullieries of Messrs, l’earson Si Knowles, with which the forges were 
amalgamated, to become, in the year 18i4, tho Penrson 4: Knowles 
Coal and Iron Company, Limited. Tho iron nnd steel departments 
of these works have an* output of 2500 tons finished iron and steel 
per week, and employ over 2000 hands, npurt from those employed 
in the colliery itself! Mr. Bleckly was for many years managing 
director of the Company, and was associated, in his direction of its 
affairs, with his brother, the inventor of the repeating wire rolling- 
mill, which was installed in the works at Warrington, and has since 
been largely adopted both at home and abroad. 

Iu politics he was a Conservative, and, although he took little 
active part in public affairs, he was an accomplished and convincing 
speaker, and was always listened to with interest and respect. Ho 
was imbued with litcrarv tastes, which led him to nmass a valuable 
collection of works at bis home at Thelwall Lea. Ho was also an 
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ardent sportsman and an excellent shot. In Warrington he was 
most highly esteemed, and his philanthropic nature led him to 
bestow many benefactions upon that. city. As a business man he 
was punctilious in the extreme, but, while assiduous in the discharge 
of his duties, he imported into their discharge kindness of heart, tact, 
and discretion. By his colleagues on the Cotmcil of the Iron and 
Steel Institute, to which he was elected in 1881, his opinions were 
highly valued, and his advice frequently sought In lttlt-l he was 
appointed a vice-president, and in 1900, on the election of the late 
Mr. William Whitwell to the presidency of the Institute, Mr. 
Bleckly was unanimously appointed honorary treasurer. In 1905 he 
succeeded the late Sir Lowthiun Bell as co-trustee, with Sir David 
Dale, of the Bessemer Memorinl Fund of the Institute. He also, 
from time to time, made valuable presentations of books to the library. 

He was a director cif Messrs. Hyland Brothers, Limited, deputy- 
chairman of the Pearson A* Knowles Coal and Iron Com piny, 
Limited, and a director of the Partington Steel and Iron Company, 
Limited. He also served for many years as a governor on the Court 
of the University of Liverpool. 

He married the youngest daughter of Mr. John Johnson, of 
Easingwold, near York, who survives him, and by whom he had three 
sons and one daughter. Mr. Bleckly was buried on Friday, July 5, 
at Thelwall Church, the funeral being attended by the President of 
the Institute, Mr. Arthur Cooper, and by several members of the 
Council. 

Sir Jonx Gay Newtos Alleyxe, Bart., of Clievin, near Belper, 
died at Falmouth on February 20, at the ago of ninety-one. He was 
born at Barbodoes on September 8, 1820, and was the son of Sir 
Reynold Abel Alleyne, Bart. Though the baronetcy was created as 
far buck as 1769, Sir John, who succeeded his father in 1870, was 
only the third holder of the title. 

He was educated at Harrow and ut the University, Bonn; and 
from 1843 to 1831 was warden at Dulwich College, to the family of 
the founder of which his own family claimed to be related. His 
business career commenced with a short engagement at Barbodoes 
in the sugar industry, after which he entered the service of the 
Butterley Iron Works Company in Derbyshire. 

One of the first manufactures which engaged Sir John (then Mr.) 
Alleyne’s attention was that of rolled iron girders for floors, and 
deck beams for iron ships. In 1853 Messrs. Fox & Barrett intro¬ 
duced their system of fireproof flooring, for which the Butterley 
Company supplied the rolled girders or joists. An enormous demand 
arose, and the capabilities of the mills then in use ware soon 
exceeded, but Mr. Alleyne introduced his system of welding which 
enabled the largest sections to he produced without unduly taxing the 
capacity of the comparatively small rolling-mills then in operation. 
Sections of T-»ron were rolled, and by welding two of these together 
nn H-section was formed. For still deeper sections a piece of boiler 
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plate was inserted between the T-bara, so that there were two 
longitudinal welds instead of one. Great difficulties were met with 
in the welding proeeas, but the skill and perseverance of Mr. Alleyne 
overcame them; and the method finally adopted proved exceedingly 
effective. 

In the Exhibition of 1862 the largest exhibit in iron and steel wan 
that made by the Bntterley Company; every item in which exhibit 
wns made under the personal supervision of Mr. Alleyne. It may be 
interesting at this date to name a few of the specimens out of many 
A solid deck beam 16 inches deep, with knees welded in. A solid 
wniught-iron engine beam 31 feet 9 inches long by 7 feet wide, 

inches thick, weighing 7 tons. An armour plate, 14 feet long, 
6 feet wide, 4| inches thick. A solid welded wrought-iron girder, 
3 feet deep, with flanges 12 inches wide, nnd another similar girder 
2 feet 6 inches deep. 

in consequence of wrought iron proving unequal to resist the fire 
of improved guns, the manufacture of iron armour plates was not 
proceeded with, but Government orders for deck beams, chain iron, 
.fce, were such, that for many years two Admiralty inspectors resided 
near the works to carry out their duties in connection with the firm s 
Government contracts. 

The Bessemer and other processes for chenp steel had not been 
introduced when Air. Alleyne turned his attention to manufactures 
in iron; and owing to the increasing difficulty of obtaining good 
puddlera, in 1867 he devised a puddling furnace with a routing 
circular bottom combiner! with a reciprocating mechanical Uble. 
This furnace was shown working at Codnor Park in 1870. 

In that year Sir Reynold died, ami Mr. Alleyne succeeded to the 
baronetcy; in the same year he designed and constructed the splendid 
two-high reversing-mill for rolling iron and steel girders and deck 
beams up to 16 inches deep, fitted with traversing Ubles, movable 
saws, and other appliances which only appeared at a much later date 
at other works. Many schemes for reversing rolls had been publicly 
discussed, and Sir John adopted the bold and novel expedient of two 
independent engines fitted with heavy fly-wheels, which alternately 
drove the mill in either direction as required ; and as tho reduction in 
speed during arch pass was recovered by one engine whilst the 
other engine was driving the rolls, the output of the mill was in¬ 
creased considerably. Although this arrangement w;ui afterwards 
improved upon bv reversing engines, this mill worked with success 
and economy. 

In 1868 the Butterlev Company secured the contract for tho large 
roof of St. Pancras SUtron, London ; and as no roof of so large a span 
and of similar design had been then erected, the masterly way in 
which the manufacture of thrs roof at the works, and the still more 
difficult pr oblem of its erection on the site, were carried to completion, 
is in itself a striking testimony to the originality ami resource of Mr. 
Alleyne. It has a span of 240 feet, springing from rati level to a 
height of 102 feet, with twenty-four main ribs weighing about 
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60 tons each, for the erection of which Mr. Alloyne designed two 
large timber stages, each made in three divisions, running on wheels 
so that each port could bo moved independently fitted with power- 
driven hoists for lifting the ironwork into position, ami on these 
stages pairs of ribs with intermediate purlins were erected ; and 
when one pair was completed the stages were moved forward fur the 
erection of the succeeding pairs. This system of erection has been 
folliiw*sl by other contractors in similar aises. 

In 1872 the Butterley Company undertook the manufacture un<l 
erection of the large double-line railway bridge over the Old Musk 
at Dordrecht, consisting of four fixed s|<aus varying in length fnun 
283 feet 10 inches to 211 feet 9 inches, and two double openings 
respectively 167 feet 4 inches and 105 feet wide, crossed by swing 
spans This was a heavy and difficult work; and again were the 
remarkable skill and foresight of Sir John evidenced in his arrange¬ 
ments for the design of the staging and Pickle and the erection uf 
the ironwork. The bridge remains to this day as a splendid example 
of good material and workmanship. 

Nor were his labours confined to practical evervday work. He 
waaa ski Med astronomer, having a well-fitted observatory; and the 
method of determining small quantities of phosphorus in iron and steel 
by means of the spectroscope, as devised by him, placed him in the 
fiont rank of those who have ennched science by physical research. 

° f h “ P nVat0 "<*kahop bore evidence L, to llis technical 
skill, and few workmen coaid handle tools better than he .lid 

Mr John Alloyne contributed a pan* on “The Estimation of Small 
Quantities of I hosphorus in Iron and Steel by Spectrum Analysis" to 

. Hu . waa a member of the Institution 
of Civil Engineers and the Institution of Mechanical Engineers, and 
was one of the original members of Council of the Iron and Steel 

Institute, having been subsequently elected a vice-president in 1870 . 

Fiir'rW bv Si A r? , belk ’ tl,e of Sir Henry 

wrufirL“n; *rr 

lb'R . B ,“ N . ''* ““"JT- f oh “ M.jn.0 Aflejn., , LSntta 

the Royal Navy, Kucceeds to th6 buronotev* 

NViujam Allott died at Chnpeltown, Sheffield, on Mnv 18 191*> 
aged sixty yearn He was managing director of Newton C^birs 
and Com|uuiy, Limited, of Thorndiffe. Born in J 

his education at Barrow, Wentworth. HestTrUd hSh.' 
in the collieries, and was afterwards “T* 

of the Company. Upon the death of Mr the ofllce 

showed their confidence in him by entrusting hb? 
management of the whole of the Thorn cliffy JininT ' tLc f “ , 
later elected him to a seat on the board and ^ v ,.n,, I>r ^ PCrlle,t ’ n . nJ 

director. He was elected a member of the In,, ' i ^ ®»n*jS u »g 
in 1905 01 1,1 * lron »nd Steel Institute 

* Journal ef tkt Iron and Stmt IntHtnU, 187S, p. G2. 
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Adam Carlisle Harlot died on January 10,1912, at liis residence. 
Sower by, Thirsk, aged seventy-six years. It is rather more than half 
a century since he laid the foundations of what developed into an 
important agricultural engineering business. In 1854 he built some 
small workshops which gave employment to about a dozen men. His 
products had not been on the market long before they began to 
attract the attention of agriculturists, and they quickly come into 
considerable vogue. The works at Thirsk bad to be extended in 
order to cope with the steadily increasing demand, and they wore 
gradually developed until at the present time they give employment 
to over 200 men. Of late years his attention was chiefly devoted to 
the various processes of tar-spraying and the laying of tar-macadams, 
and he established a plant of his own for the manufacture of material. 
He was a member of the Institution of Civil Engineers, of the Institu¬ 
tion of Mechanical Engineers, and of the Sanitary Institute. He was 
elected a member of the Iron and Steel Institute in 1877. 

Mr. Gustave lloiiL died, at the age of sevonty-five years, at his 
residence ut Brussels, on Sunday, March 31, as the result of a short 
illness. He was born at Houdeng-Goegniea on March 18, 1837. He 
had been a Senator of the Belgian Upper Assembly from the year 
1880 to the time of his death, anil bad sat as recently as March 
in the current year. He was the owner of a number of important 
industrial concerns in Belgium, including sugar refineries, an ice 
factory, and ironworks and collieries in the Chenoy district. In the 
earlier days of his career, he was associated with the late Mr. 
Boucqueau in a number of important undertakings. The fortunes 
of the firm being jeopardised by a financial crisis, Mr. Boel placed ut 
the disposal of the Company his entire financial resources, and when, 
a few years later, Mr. Boucqueau died, ho appointed Mr. Boel his 
sole heir, leaving to him the numerous activities which they hail 
conjointly pursued. In politics Mr. Boel held strong Liberal opinions. 
He was a member of a number of learned societies and institutions in 
France and Belgium, and he was elected a member of the Iron and 
Steel Institute in 1892. He was buried at La Louviero on Tuesday, 
April 2. 

Georue IIr.miv Davev died on September 8, 1911, at his 
residence, Woodsiile, Briton Ferry; Glamorganshire, ut the age of 
seventy-three. He was a son of the late George Davey, who, in 
conjunction with others, built anil started the Briton Ferry Iron 
Works in 1846. The deceased was educated at Sidcot School and at 
W orcester. Entering the Briton Ferry Works in 1854, he became 
manager in 1866. In 1889 the works were reconstructed, and the 
present Company, known as the Briton Ferry Works, Limited, formed; 
the deceased being chairman of directors, which office he retained 
until his death. The deceased was also for many years chairman of 
directors of the Villicre Tinplate Company, Briton Ferry, and was 
connected with other local industries. He did not take a very 
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active interest in politics, but was a Conservative in his views. For 
nianj years he took a part in public life and was chairman of the 
Briton Ferry Local Board from 1870 to 1889. From 1894 until his 
death he was the cliairman of the bench of the Port Tulin)t, Petty 
Sessional Division. He was elected a member of the Iron and Stee'l 
Institute in 1871. 


Sir Theodore Far, Bart., M.P., .lie,! on February 5, 1912, at his 
residence at Boeehhanger Court, Caterham Valley, Surrey, in his 
seventy-seventh year, and was buried on February 8 in the Parish 
Cemetery of St. Mary's, Caterham. He belonged to a well-known 
north-conutry family, for many years connected with the Cleveland 
iron trade The Lite Sir Theodore Fry was the second son of the 
late Sir. Francis Fry, of Tower House, Bristol, and of Matilda, the 
daughter of Daniel Penrose, of Co. Wicklow, and was born on Slav 1, 
IfcUb. Jt had been the intention of his parents that he should' be 
especially fitted for trade and commerce, and he oarlv developed a 
comprehensive grasp of these subjects. He received'his education 
in Bristol. He went to Darlington in I860, becoming chief partner 
in Yr y, I Anson A Company, Limited, Bise Carr Rolling Mills, which 
was succeeded m turn by Sir Theodore Fry A Company, Limited, of 
which company be was, until recently, chairman. ' He was. in 
addition, a director of the Bear Park Coal and Coke Company, 

: * « '. rwtor of T the Weardale and Shildon Water Company; 
of Saddler A Company, Limited ; of the Nitrate Prodncers’ Steamship 

seers^ t* ■ *>«*» * a», 

th “ “poftwenty.rixhe married Sophia, daughter of Mr. John 
Pease of Last Mount Darlington, and Cleveland Ledge, Great Avion. 
Yorkshire, and gnuid-daughter of Mr. Edward Pease, by whom bo 
bad four sons and three daughters. She died in 1897, and in 1902 
he mamed Horence the eldest daughter of Mr. William Bates, of 
Oukdene, Birkenhead, by whom he had one daughter 

He was a great traveller and a collector of antiquities of various 
kinds, fie was a Fellow of the Society of Antiquaries and a life 
member of University College, Ixmdon. H e was also » Doctor of 
Laws {Honor* Causa) for the University of Durham, and Lord of the 
Manor of Cleasley in the North Biding of Yorkshire 

on account of his advancing years in 1909 ^ membership 

William Healey ILakkisov of am~i,_ T . ,, ... 

9 R 1419 ' « AUmhaw, Lichfield, died on 

Wmi.ii> Huriuk Lunit«.7, ™ h°' 
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for many years a member of the Mining Association of Great Britain. 
He was elected a member of the Iron and Steel Institute in 1882. 

William Edward Hipkiss was drowned in the Titanic disaster on 
April 15, 1912. He was the only son of Mr. G. F. Hipkins, steel toy 
manufacturer, of Birmingham, and was bom about sixty years ago. 
His early experience was gained in travelling abroad. On his return 
he undertook the management of his father’s business, but sub¬ 
sequently disposed of the concern to become managing-director of 
J. <fc E. Wright, rope manufacturers, nnil in 18915 he undertook a 
similar position in the firm of W. <fc T. Avery. Here he wit* 
responsible for the entire re-organisation of the business of the firm, 
and particularly for the arrangements connected with its removal from 
West Bromwich to the famous Soho Foundry. Ho was a member of 
the Institution of Civil Engineers and the Institution of Mechanical 
Engineers, and was elected a member of the Iron and Steel Institute 
in 1895. 

Baron Hippolyte d’Hcart died on February 23, 1912, after a very 
brief illness. He was a native of the town of Lougwy, where he was 
born in August 1842. During the early part of his career he man¬ 
aged, jointly with his brother, Baron Fernand d'Huort, a blast-furnace 
which hail been erected at Longwy by their father, and he was alBO 
interested in an important porcelain works in that neighbourhood. 
In 1883, with the assistance of the SocitStd des Hants Fournenux de 
Maubeuge, the brothers founded at Lougwy-bas tho Societe Metnllur- 
gique de Senelle-Maubeuge, of which they became the monagers. In 
1902 the former Company wns taken over and amalgamated with the 
Socicti Metallurgique de Senello-Maubeuge, and six years later Baron 
Hippolyte was appointed chairman of the board of directors. Under 
his energetic influence the Company developed very rapidly, and soon 
became one of the priuciiml steelworks in Meurtbe et Moselle. He 
was also one of the founders of the Societe des Acieries de Longwy 
and of the Societe des Hants Fourneaux d’Athus, of which he was a 
director. 

In addition to his connection with the above mentioned Companies, 
he was chairman of the Societe des Mines de Jarny, of the Society des 
Mines de Murville, and of the Association Cooperative Zclandaise de 
Carbonisation. He was also a director of the Comite des Forges de 
France; of the Banque de France; of the Comptoir MdtnBurgiqiie 
de Longwy ; and of the Societe Lorraine de Carbonisation, at Auby. 

Baron d’Huart wns a powerful personality among the men connected 
with the iron industry of Lorraine, to the prosperity of which he 
largely contributed by his untiring enterprise and bread th of view. 
He also took an active part in the affairs of his native city, which 
loses in him one of its most distinguished citizen*. He had served as 
a member of the Municipal Council of Longwy since 187(5, and the 
Cross of the legion of Honour was conferred upon him in recognition 
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of the numerous public services rendered by him during his long 
CRIMP* 

Baron Hippolyte d'lluart was elected a Member of the Iron and 
Steel Institute in 1909. 

Jonathan Loan botham died on November 21, 1911, at the ago of 
sixty-one yews, at his London residence, Harescoml*,, North wood, 
-Hnidlesex. He was a native of Durham, and his professional training 
was acquired at one of the largest collieries in that county. From 
there he went to Xorley Colliery, near Wigan, where be remained for 
a number of years. He next received the appointment of general 
manager of the collieries of the Barrow Hematite Steel Company at 
Worsboro lor some years he was consulting engineer for'the 
southern division of the North-Eastern Railway, and at the same 
tirnu he carried on a considerable private practice as a mining 
engineer. He went to Sheffield ten or twelve years ago, and started 
a private practice,is a mining and civil engineer. He was a member 
of the Institute of Civil Engineers, and was elected a member of the 
Iron and Steel Institute in 1898. 

iaro HN , ^‘ Crixt;M,li * 1 nt Santo ”, Cottage. Scunthorpe, on March 26, 
Jan JS° *** ° f upsmrf. of thirty years ho was 

^ nmnager of the Appleby Iron Company Limited, of Sei.n- 

T inrnln ^ " P ron ‘ ,neIlt P«* >n the development of the 

Iron ^ -T ln ’ 1 , U8tr - V ’ “ nd WMa meluber the Lincolnshire 

sS^”.. A rr«T”' H * ~ d,ctoi • «™ “■> 

Or'It t^mn T E T M ‘ L * RES ' M - A • M.P., died at his residence. 

Great Comp, Borough Green, Kent, where he l.nd been staying pre¬ 
paratory to journeying to Switzerland for the sake of his health 

£ dfETfcfT 2 n 19n - t ; 1 ,le — u,. j 

hi. third d-ught., ot tb. 1 .„. ,Li, B^hcSPifi 

of John Bright. He was a half brother of the late Lord 

and brother of Lord Aberconwav. He was w ♦’ 

M, r i. auitw.. .»d 

graduated as a Muster of Arte in 1873.' In association wi^ S r 
Swire Smith he commenced business j n Keighlev u l I 

spinner, in the firm of Smith & M’Laren hnt .' as ^ worsted 

partnership in 1890. During his association wbl If • n" 1 t !*° 
dispUyed considerable interest in educational matters anThi/'firm 
Us,k an active part in affording special faciS 8 S the 
hands employed for attending evening classes in the town ' ^ 

His father’s association with politics and his • . 

political matters, and. in particular, her active advor ** ■ m 

of Woman’s Suffrage, early directed his mind into the « m Ilk? ^T* 
He joined the Men’s League for Womans Suffrage" at whkh he 
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eventually become u vice-president. He was an advanced Liberal 
and a strong Free Trader. His first attempt to enter Parliament was 
in 1885, when, at the age of thirty-two, he unsuccessfully contested 
Inverness Burghs. The following year be was elected for Crewe, 
which he represented until 1895, when the Hon. H. A. Ward captured 
the seat for the Unionists. Mr. James Tomkinson regained it for 
the Liberal Party in 1900, and on his death in April 1910, Mr. 
M'Laren was elected by a large majority. In December of the same 
year he was re-elected by an increased majority. 

As an employer Mr. M'Laren was a firm believer in conciliation in 
industrial disputes, and took rather a prominent part in the Miners’ 
Conciliation Buard when it was set up, and he was one of the 
coalownens who took part in the recent negotiations with the Govern 
ment and the miners which resulted in the Minimum Wage Act. 
Ilis health suffered indeed somewhat severely owing to his exertions 
as a representative of the employers during the recent coal strike, 
while his defence of the South Wales coalowners caused trouble 
among his supporters at Crewe, and ho was much distressed by the 
attacks which were made upon him. Standing, ns he did, for a great 
industrial constituency, containing a large number of exceptionally 
intelligent voters, Mr. M’Laren's policy on such matters as em¬ 
ployers' liability was often hotly discussed. He was opposed from 
the outset to the general principle of contracting-out. His personal 
popularity in Crewe was, however, unquestionable. He was a brilliant 
and impressive speaker, and possessed an engaging personality. 

He iuul a peculiarly wido connection with the iron, steel, and 
coal trades of Great Britain, and was on the board of a considerable 
number of com|uinies engaged in the manufacture of iron and steel, 
and was also on the board of the Madras Electric Railways (1904), 
Limited. Ho was a director of Bolckow, Vaughan >fc Company, 
Limited, and was also a director of the Dinningtou Main Coal Company, 
Limited; the Sheepbridge Co&l and Iron Company, Limited; the 
Tredegar Iron and Coal Company, Limited; the Maltbv Main 
Colliery Company, Limited ; the Oakdale Navigation Collieries, 
Limited ; the Dunderlnnd Iron Ore Company, Limited ; the Brecon 
aud Merthyr-Tydfil Junction Railway Company; the Cleveland 
.Salt Company, Limited; the Soria Mining Company, Limited; 
the Electric Construction Company, Limited ; James Dunlop & 
Company, Limited ; the Madras Electric Railways (1904), Limited; 
the North American Lund and Timber Company, Limited ; and the 
National General Insurance Company, Limited. 

He was a member of the Society of Friends. He was elected a 
member of the Iron and Steel Institute in 1898. 

Mr. M'Laren mnrried, in April 1883, Eva, the youngest daughter 
of Mr. William Muller, of Hillside, Shenley, Herts, and Valparaiso, 
Chile. His wife was well known for her work for the Liberal 
Party. 

William Gbegoky Nob his died'on November 11 , 1911. He was 
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bora at Goalbrookdnle in 1829, being the only surviving son of the 
lute William Norris. He entered the service of the Coalbrookrlnle 
Company in 1848, and was made guneral manager in 1868. In 1881 
he was made managing director, and remained a director of the 
Company until the close of his life. It may be of interest to recall 
the fact that some of the earliest wrought-iron boiler plates used in 
shipbuilding were made by the Coalbrookdale Company, and rolls 
were cut by hand about the year 1850 for rolling chequered plates, 
nnd samples of these were exhibited in the 1851 Exhibition in 
London. Mr. Norris always took a keen interest in all these early 
enterprises. For many years he had devoted his very extensive legal 
and business knowledge to helping in a most efficient manner all 
public or philanthropic work of the district and county, and he was 
especially interested in all educational matters and gave most liberally 
of his time and money to the support and help of local institutions. 
He was an original member of the Iron and Steel Institute. 


General Salvador 1>uz Ordonez 1 died on October 14, 1911, from 
injuries received during the battle of Izmarufen, in Morocco. He 
was bora in Oviedo on March 15. 1845. In December 1859 he 
eutered the Military College at Segovia, and on the completion of 
his studies, in January 1806, he was appointed first lieutenant of 
artillery. He served in several regiments and distinguished him¬ 
self during the Carlist Civil War, from 1872 to 1876, being 
honoured with various distinctions on account of his brilliant 
services. In 1879 he received an appointment at the Roval 
Ordnance Works at Trubia, where he remained for five years, 
until his promotion in 1884 to the rnnk of major. During the 
time he was at Trubia he was in charge of the Gun Factor v] nnd 
devoted his time to the study of explosives and to the construction of 
guns. In 1881 be designed a 15-centimetre cast-iron tube gun, of 
which a large number were made at Trubia for various fortifications 
in Spain. He returned to Trubia in 1887 nnd continued his work in 
the development of new types of coast guns and Howitzers of 21, 24, 
and 30 centimetres calibre. These new guns were also of cast iron’, 
fitted with steel tubes. In 1890 he advanced to the rank of 
lieutenant-colonel and remained at Trubia until April 1895, when, 
at his special request, he was ordered to Cuba. There he saw much 
active service and was also employed in various commissions of a 
technical nature. In 1897 he became colonel, and in the war with 
the United States he commanded the Artillery at Santiago di Cuba, 
where he was wounded on July 1 , 1898. In consequence of his dis¬ 
tinguished conduct on the battlefield, he was promoted to the rank of 
bngiuher-general and on his return to Spain he was placed in com¬ 
mand of the Artillery in several military districts, notably in Mailrid. 
He was also appointed President of the Technical Committee of 
Artillery nnd held the command of the fortress of Jaca. At the 

<*—Sr I. 


OBITUARY. 


415 


same time he was closely occupied with hi* technical studies, work¬ 
ing out calculation* for a new 24-centimetre gun, L.45, and a new 
Howitzer of the same calibre. The latter has recently been approved 
after prolonged and severe trials. In 1908 he was promoted to the 
rank of major-general and was ap|s>inte<l Military Governor of Car¬ 
tagena. In May 1910 he obtained thecommand of the Division which 
was centred in Melilla, in Morocco, and from the commencement of 
hostilities, in September 1911, he was at the front. On the 12th of 
that month he commanded his troops with conspicuous success in the 
engagement of Izmorufen, in which the Moors lost heavily. He 
occupied the positions at Izhafen and Izmarufen. He wits just nlwut 
to mount his horse for the purpose of paying a visit of inspection to 
this latter place, on October 14, when he was twice fatally wotinded 
in the breast. General Ordonez was au exceptionally learned man, 
a hard worker, and extraordinarily devoted to the study of everything 
connected with Artillery. He was of an exceedingly modest dis- 
jMJsition, working without thought of personal reward but only for the 
benefit of his country. General Ordonez was never married, and is 
survived by his two brothers, still liviug at Oviedo. He was elected 
a member of the Iron and Steel Institute in 1887, and it will be 
within the recollection of members that he attended the Autumn 
Meeting of the Institute held at Buxton in September 1910 under the 
presidency of the Duke of Devonshire. 

Floris Osmond died on June 18, 1912, at liis residence at Saint- 
I>eu, in the Itopurtment of Seine-et-Oise, France, at the ago of sixty- 
three years. By his death the Institute has to deplore the loss of one 
of its most distinguished members; a scientist whose brilliant attain, 
inents and valuable contributions to metallurgy had won for him 
wide and ungrudging recognition. Although it was to the late 
Dr. Sorby that the introduction of metallogruphic methods for 
the examination of the structure of metals was, in the first place, 
due, it is to Mr. Osmond that the widespread application of these 
methods of investigation belongs. 

He was born in Paris in 1849 nnd, during his graduate course at 
the Eoole Centrale des Arts et Manufactures, he was a pupil of 
Professor Jordan, from whom he derived his subsequent devotion to 
metallurgical studies. On leaving the Rcole Centrale, he entered tire 
machine shops of the Fives Lille Company, and subsequently he was 
employed by the C'ompagnie Denaiu et Anzin at a period when tho 
works were undergoing reconstruction and enlargement, by the 
addition of plant for the manufacture of steel, both by tho Bessemer 
ami tho open-hearth processes. Air. Osmond was thus enabled to 
acquire an intimate acquaintance with the details of the manufacture 
of iron and steel, and, on leaving these works, ho went in 1880 to 
Le Creusot, where he became a member of the metallurgical staff. 

Early in 1886, Professor H. Le Cbatelier had perfected the thermo¬ 
electric pyrometer associated with his name, and had thus contributed 
a most valuable instrument of research. In that year, Air. Osmond, 
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availing himself of the accurate means for measuring temperature 
thus furnished, emhorked on an investigation of the deviations which 
had been observed in the temperature curves of iron and steel on 
heating and cooling. That these evolutions and absorptions of heat 
were the manifestations of a molecular change had been foreshadowed 
us far back as 1868 by Tschernolf, while in the following year the 

C henomena were described before the Koyal Society by G. Gore, and 
iter by Barrett, who was the first to explain their cause, und by 
Tate, Moissan, Brinell, and other observers. It was, however, 
reserved for Mr. Osmond to throw further light on the nature of the 
phenomena, and the accurate study of wbat have since been known us 
the criticu] points of iron and steel may be said to date from the time 
that he published his first paper on “The Phenomena which occur 
during the Heating and Cooling of Cast Steel.” 1 This was followed 
np by a paper published in 1887 on “The Transformations of Iron 
and Carbon.” 5 Iu 1890 be became a member of the Iron and Steel 
Institute, and at the May meeting in London that your ho contributed 
his first paper to the Proceedings, entitled “ On the Critical Points of 
Iron and Steel.” 

It was, however, in connection with the application of the micro- 
seojie to the examination of the structure of iron and steel and to the 
perfection of methods of preparing, polishing, and etching the sections, 
that Mr. Osmond’s minute and painstaking investigations were chiefly 
directed. To Dr. Sorby must be given the credit for first employing 
the microscope for this purpose, while Professor Martens was the 
first to develop microscopical examination along the lines suggested. 
To Mr. Osmond, however, belong the credit of having further elabor¬ 
ated the methods of investigation and of having deduced from his 
observations a theory capable of adequately explaining the changes 
of structure observed during heat treatment. He was the founder of 
the allotropic theory of the transformations of iron, anti, in view of 
the controversies to which that theory has from time to time given 
rise, it is of interest to note that, in a letter written as recently as 
April 18 in the present year, he states that his opinious in regard to 
this theory renfained unaltered. 

In the course of his researches on the microstructure of steel, he 
discovered several new constituents: Martensite, of the existence of 
which he was firmly convinced, and Austenite; he also recognised and 
named the two transition products. Sorbite and Troostite. 1 

Mr. Osmond’s work received widespread recognition, and he was 
the recipient of many honours. He was a wan led monetary prixos by 
the Societe d’Encouragement pour 1*Industrie Nationale in 1888 and 
in 1895. In 1897 he was awarded the Lavoisier Medal, and in 1898 
he was elected an Honorary Member of the American Institute of 

1 Cjmfta A’enJnt, vot. ciii pp. 743. 

a •• Transform in'ms i!u fer et da atrbaae dam les fer», la odea.« fcs fames blanche*," 
Mi mairer dt f ArtzlUrif Jr la Marine, ml xv_ p. 573 . 

» The term Satiate was. boW«er. first used by Howe \MtUUnrrt ef Steel D. 161) to 
distinguish certain ruby-red crystals isolated by Ur. Sorby from cast iron ’ 
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Mining Engineers. In 1906 ho received the Bessemer Gold Medal 
of the Iron and Steel Institnte, although unfortunately his health 
was then failing, and he was not able to attend in person on the 
occasion, the medal being handed, on his belutlf, to the Count de 
Lastours, representing the French Ambassador, by whom it was 
transmitted to its recipient. At the Summer Meeting of the Institute 
in that year, he contributed, in collaboration with Mr. G. Cnrtnnd, 
the third and last paper which he wrote for the Proceedings of the 
Iron and Steel Institute, on the “ Crystallography of Iron,” and he 
continued until quite recently to take part, from time to time, in the 
correspondence on papers dealing with the iron carbon theory, and to 
evince his continued interest in the work of the Institute. 

He was interred privately on Monday, .Tune 24, at the Cemetery of 
Tavemy, Seine-et-Oiae. 

Jons Pattissos died on March 28, 1912, at the age of eighty-four. 
He was born in 1828 at Alston in Cumberland und educated at the 
Grammar School there. He received his early training at the Felling 
Chemical Works, Newcastle, wheiti the Pattinson process of desil- 
verising lead was carried on. After some years he entered the 
laboratory of Messrs. Bell Bros., Middlesbrough. In 1858 he retur ned 
to Newcastle, where he became an analytical and consulting chemist. 
He was appointed Food Analyst for Newcastle, and, under the Food 
and Drugs Act of 1875, liecame Public Analyst for the county of 
Northumberland and several other local authorities. He was Vice- 
President and an original Fellow of the Chemical Society, and 
Vice-President of the Society of Public Analysts. Ho was ono of the 
founders in 1868 of the Newcastle Chemical Society, which, chiefly at 
his instigation, was merged in 1882 in the Society of Chemical 
Industry, of which he was an original membor. He was also an 
original member of tho Iron and Steel Institute, and contributed 
several important papers to the transactions. 

Toomab Purvis Reay died suddenly on February 22. 1912. at his 
residence, Weetwood Lodge, Fur Heading ley, Yorks. He was born in 
October 1844, and served during six years, from 1859 to 1865, as a 
pupil in the works of Messrs. Kitson & Ca, Limited, Airedale 
Foundry, Leeds. During the nine following years, from 1866 to 1875, 
he served with that firm in the designing of locomotive, tramway, and 
water-works engines; machinery for the manufacture of iron und 
steel, in connection with blast-furnaces and forges; winding and 
hauling-engines for collieries; hydraulic machinery for cranes, and 
so forth. For eight years, from 1876 to 1884, he acted as works 
manager, and supervised the construction of the same class of 
machinery. Ten years later, in 1885, he became a partner. When, 
in 1900, the concern was turned into a limited liability company, Mr. 
Ueay became tho managing director, and on the death of tho late 
Lord Airedale he succeeded him as chairman of the company. 

1912.—L 2D 
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He was a member of the Institution of Civil Engineers, and a 
member of Council of the Institution of Mechanical Engineers. He 
was elected a member of the Iron and Steel Institute in 1882. 

The Chevalier Cecil de Schwarz died on January 12, 1912. He 
was born near Vienna and belonged to an old Austrian family. He 
studied at the Poly technical College, Vienna, and at the Impel ini 
Academy for Mining Engineers at Looben in Styria. He wub then 
appointed engineer at some iron and steel works in Austria belonging 
to his family and founded by his great-grandfather at the end of the 
eighteenth century. Later on he hecame manager of a German iron¬ 
works. In 1881 he was engaged by the Government of India to 
report on the financial prospects of iron working an modern principles 
in that country. His reports on the subject were published in the 
Official (Jazctte of Imlia on August 5, 1882. He then erected blast¬ 
furnaces and foundries in India, trained the natives for the work, and 
managed the works for the Government for a period of about eight 
years, after which they became the property of a private company. 
He then returned to Europe, where he commenced practice at Lit!ge 
as a consulting engineer. He was a constant contributor to the pro¬ 
ceedings of the Institute, to which he presented the following jiapers; 
“On the Utilisation of Blast-furnace Slag” 1 ; “ On Portland Cement 
Manufacture from Blast-furnace Slag" 4 ; “On the Use of Oxygen in 
removing Blast-furnace Obstructions" s ; and “On the Briquetting 
of Iron Ores."* He was elected a member of the Iron and Steel 
Institute in 1890. 

Herbert Arthcr Swas died on December 13, 1911. He was bend 
of the firm of Messrs. Swan Brothers of Middlesbrough. He was 
elected a member of tbo Iron and Steel Institute in 1873. During 
the visit of the Institute to Middlesbrough in 1908 he served on the 
Local Reception Committee. 


Robert Sykes of Stalybridge died in February 1912, at the age 
of eighty three. He was bom at Milnsbridge, in Yorkshire, which 
place he left for Stockport over fifty yoarR ago, commencing business 
there as an ironmonger with his brother, Mr. Ellis Sykes. Sub¬ 
sequently he went to Stalybridge, where he commenced business on 
his own account tinder the name of R. Sykes * Sons, Limited, lie 
was elected a member of the Iron and Steel Institute in 1881. 


Johx Tcrtox died on January 25. 1912, at his residence, Hill 
Turrets, Parkhead, Sheffield. He was bom in 1843, and commenced 
his business career early in life with Messrs. John Charles A- SonB, at 
that tino the proprietors of The Kellmm Rolling Mills Sheffield. In 
1868 he acquired the Vulcan Rolling Mills, which he .apidlv developed 
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and extended, at a later date taking his three sons into partnership, 
lie was well known in Sheffield and other business circles, but took no 
prominent part in local public matters. He was elected a member of 
the Iron and Steel Institute in 1883. 

James White died suddenly on January 29, 1912. He was 
managing director of Thos. Allan A Sons, Limited, Bon Lea Foundry, 
Thornnby-on-Tees. He was about sixty yeurs of age, and took over 
the management of the Bon Lea Foundry fifteen years ago. He 
formerly carried on an extensive business as a pipe manufacturer in 
Glasgow. He was elected a member of the Iron and Steel Institute 
in, 1908, when he served as a member of the Local Reception Com¬ 
mittee during the visit of the Institute to Middlesbrough. 
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Alexander, W.: "Column*and Struts. Theory and Practical 
Design, with Examples worked out." 8 * 0 , 267 pp. 
London. 1912. 

Bauer. O., and Deisa. E.: •• Probenabroc untl Analyse von 
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1135. London. 191L 

Hr ear ley. Harty. " The Heat Treatment of Tool Steel.” 
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Canada. Department of Mines, Mines Branch: Report 
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Reference to their Economic Qualities: as Conducted at 
McGill University, Montreal, under the Authority of the 
Dominion Government. In six volumes. Bv J. B.’ Porter 
and R. J. Durley. assisted by T. C. Denis and E. Stans- 
fiehb VoL i. Bvo, pp. 343; vol ii pp. 189 . Ottawa. 
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Canada. Department of Mines. Mines Branch : “ ft-non 
tbe Molybdenum Ores of Canada." By T. L. Walker 

8 vo, pp. 64. Ottawa. 101L 

Canada, Deportment of Mines. Mines Branch: “Annual 
Report on the Mineral Production of Canada during the 
Calendar Year 1910." by John McLetsh. 8 vo pp. 328 
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Canada. Department of Mines, Mines Branch: •• A General 
Summary of the Mineral I'rodticiitm of Canada during 
the Calendar Year 1910." By John Mcl-eish, 8vo, pp. 37. 
Ottawa. 1U1L 

Canada. Department of Mines, Mines Branch: "The Pro¬ 
duction of Iron and Steel in Canada during the Calendar 
Year 1910.” By John McLeuh. Bvo, pp. 38. Ottawa. 
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Kepart on the Mineral Production of Canada daring the 
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Carter. Walter: " Development and Use of the New High¬ 
speed Steels." (Reprint from the Procttdimgi of <h* 
Birmingham A not. iation of Mttkanitml Engineen, 1910.1 

Bvo, pp. 30. 

Curtis Gardner A Ca, Ltd.: “ IT»e Coming of Petroleum." 
Large Bvo, pp. 63. 
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Coke, and the Superiority of "Neutral Coke” for the 
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Dudley, C. B.: Memorial Volume Commemorative of the 
Life and Work of Charles Beniamin Dudley." 8vo, pp. 
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Engineering Standards Committee: Report 24. " British 
Standards Specifications for Material used in the Con¬ 
struction of Railway Rolling Stock." Folio, pp. 78. 
Revised. London, lull. 

Engineering Standards Committee: Report 66. *' British 
Standard Definitions of Yield-point and Elastic Limit.” 
Folio, pp. 2. London. 1911. 

Engineering Standards Committee: Report 67. " Report an 
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Engineering Standards Committee : '* British Engineering 
Standards Coded Lists." Vol. vi. Material used in the 
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Gouvv, Alexandre: " Utilisation rationnelle des gar des 
hauls fotirneaux, et des (ours & coke dans les nsraes 
iniulturgiqucs." (Exiron de la Bulletin ft Cj mftei 
Kendal Mtn satis de U SociiU de Tludustrie Mini rale, 
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Hatfield, W. H. : •* Cast Iron in the Eight of Recent 
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Hioeth, Albert: “ Design of a SO-ton Induction Electric 
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Hiorth, Albert: " Some Remarks on Iron Smelting." 8 »o, 
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India. Patent Office : Inventions and Designs in 1911. 6 vo, 
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Kooigl. Technische Hochschule su Breslau: “Ueber den 
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Maginnis. James P.: " Notes on Bronte Pumps in the 
British Museum.' (Excerpt, XtinuUi of Proceeding} of 
the Institution of Mechanical Engineers. April 1911. • 
8to. pp. 4. 

Mcwes, Rudolf: “ Theorie und Praxis der Grossgas-industrie. 
Bd. 1, Halite L " Geschichtliche Emwicklung der 
Prinxipien der Mechanik und Physilt. Crundgesetre der 
Therm odynamik.” 8vo, pp. 403. Illustrated. Lctpug. 
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Mvsore Geological Department: Records, voL xL Bvo, pp. 

189. 

Mysore Geological Department: "Report of the Chief 
Inspector of Mines for the Year 1909-1910, with Statistics 
for the Calendar Year 1900." Fcap. folio, pp. 40. 
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National Physical Laboratory: “ Collected Researches." 

Vol. viii. 4to. Dp. 261. Tedding loo. 1912. 

National Physical Laboratory: " Report for the Year 191L" 
Large 8ro. pp. 103. Teddington. 1913. 

New South Wales, Department of Mines: “ Mineral Re¬ 
sources, No. 14. "The Tin Mining Industry and the 
Distribution of Tin Ores in New South Wales.” By 
J. E. Came. 8vo. pp. 378. Sydney. 1911. 

New South Wales, Deportment of Mines: "Annual Report 
for the Year 1911." Fcap. folio, pp. 219. Sydney. 1912. 
Patent Office, London: Abridgments of Specifications, Class 
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Pierres, Gaston de: "Zinc Oxide." (Proceedings of the 
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Richards, Joseph W.: " The Hlorth Electric Steel Furnace.” 
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Snow, W. B.: "Mechanical Draft: a Practical Treatise.” 
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Sociedad National de Mineral: " Estadlilica Minera de Chile 
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stellung del Eisenhatlenweseas.'' 8 Audage, 8vo. up. 
fOL LHisseldarf. 1912, 

Vaiin drutscher Ingenieure: ** Geschichte des Vereines 
dtutichci Ingeoieurc.” Nach hinterlasscnen Pupieren 
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56. Stockholm. 191 1. 

Wyoming. State Geologist's Office: Bulletin No. 2. Series 
B., " Geology and Mineral Resources of a Portion of 
Fremont County, Wyoming." By C. R. Jamivm. 8vo. 
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JOURNALS. 


The following periodicals hare been presented by their respective Editors:— 
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' 1 African Engineering." 

'■ American Machinist." 
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*• Colliery Guardian.” 

“ Concrete and Constructional Engineer¬ 
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Italy. 

•• Industrta." 

" Rassegna Mineraria." 


Spain. 

•• Ingrmertn." 
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Sweden. 
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UNITED KINGDOM. 
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•• Foundry Trade Journal.'" 
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United States. 
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'• Berg and lliittenmiuinisches Jahrbueh." 

*• Montan Zcitung.'' 
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IRON ORES. 


CONTENTS. 


1. Occur!ence and Composition 
1L Iron Ore Mining . 

III. Mechanical Preparation 

IV. Metallurgical Preparation 



l.—OCCURRENCE AND COMPOSITION. 

Origin of Ore Deposits. — E. K. Soper 1 discusses the origin of 
ore deposits, and points out that the earliest contribution to the study 
of the subject was made in 1791 by Werner, the German geologist. 
Ore deposits, whatever their origin, may be divided into two great, 
classes: those formed contemporaneously with the rocks in which 
they occur, or syngenetie, and those formed subsequently to the rocks 
in which they are found, or epigenetic. Except for certain ores in 
igneous and sedimentary rocks, most ore bodies are regarded ns fall¬ 
ing into the second division. Water is a most important ore carrier, 
but different opinions exist regarding the source of water. Certain 
types of ore deposits are clearly the result of contact or regional meta¬ 
morphism, while others are due to Bolfataric action. Most of the 
larger and richer deposits^ whatever their origin, are only made work¬ 
able by some process of secondary enrichment. Thus, most ore de¬ 
posits ure the result of two or more concentrations from an original 
disseminated condition in the rocks. Lastly, there ore certain super¬ 
ficial deposits (including placers and stream deposits) which are 
derived from tho disintegration of veins in ritu. 

G. W. Miller* discusses the origin of metalliferous ores. 

Distribution of Iron Ore. —A. Selwyn-Brown * discusses the 
physical and chemical characteristics of the principal kinds of iron 
ores, their distribution in various parts of the world, and their 
relative nbundonce. The possibilities are particularly considered 
of the utilisation of minerals not at present being worked on a 


1 Enfinrering and Mining Journal, vot. xrii. pp. 8U7-y00,'tM7-9ttt. 
3 Mining and En gi n e e ri ng Warid, vol. XXXvi. pp. 51&-516. 

1 Engineering Magmine, no!, xlii. pp. 41 4<t. Vl^-23g. 
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commercial scale. In conclusion, a summary is given of the iron 
ore resource* of all the chief iron-producing countries of the world. 

Iron Ore in Qreat Britain.— Flegel * gives an account of the 
geological conditions, the occurrence, nnd composition of iron ores 
in Great Britain. Tables ore given showing the quantity of oro 
mined in the country in each year since 1873, and the imports of 
ore at the present time, with the countries whence imported. 

Iron Ore in France. — L. Davy* describes the iron ores of Anjou and 
of south-eastern Brittany. The area described is tliat situated between 
the Loire and the Vilaine. Irou-hearing minerals are found through¬ 
out this region in varying forms; in the eruptive locks, the outcrops 
of which have l>eeu investigated in the metnmorphie rocks of Peru, 
in the veins found in Haute Loudeuc, and in various sedimentary 
deposits. The minerals appear to have been used in Gallo-Roman 
times and, to a certain extent, during the Middle Ages, and as lately 
as 1831, Foumel placed on record the fact that in Normandy, 
Brittany, and Anjou alone there were forty-eight blast-furnaces in 
operation. Mining was generally carried on by open cast methods, 
although a few exceptions, such as the shafts at Ferriere-aux-Etnugs, 
occur. The iron industry of this district has slowly diminished, and 
in 1880 the last blast-furnace, which was situated at Tobago, near 
Redon, was dismantled. The following year, however, mining opera¬ 
tions were recommenced and carried on until 1892, when the com¬ 
petition with Spinish ore led to the operations being suspended. Of 
late, production has once again been undertaken, but the exhaustion 
of the surface deposits has led to a general recognition of the necessity 
of sinking shafts if the region is still to be regarded os a factor in the 
iron ore production of France. 

It is stated * that the old researches made in the centre of Franco 
at Awat-le-Luguet, in the Puy-de-Dome district have shown the exist¬ 
ence there of luemntite iron ore. Comparatively recently other 
researches have been carried out by the Commentry-Fourchambault 
Company, who were, however, compelled to abandon them, particu¬ 
larly in view of transport difficulties. More recent researches at that 
place have revealed the existence of a hiematite iron oro bod, having 
an area of 100 square feet and a length of several miles. 

Iron Ore in Germany. — K. Masting * gives a general account of 
the geology of the ore deposits of the principality of Waldeck. Haema¬ 
tite occurs on the Martenberg and in the Kellerwuld, oolitic iron ore 
is found in the Lias near Wethen, and manganiferous ore in the 
Permian limestone. Some account of the history of mining in the 
principality is also given. 

1 Ghuiamf, vol litii. 1801-1803. 
s Ktr-ut it MHallurgu, Ex traits, voL *iii. pp. 779-78a 
s F.mrimttriitf. vot ictn. p. 287. 

* Zntukri/tfar froktiuks (leoltgu, vol. six. pp. 3«1 377- 
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Iron Ore in Norway. —It is reported * that some iron ore deposits 
of considerable magnitude hare been discovered in the county of 
Bnmle, in the south of Norway. The lode has been traced for a 
distance of about three miles, with on average thickness of 2B feet, 
being covered in some places by nn apparently thin [layer of gneiss. 
Thu deposits consist of specular iron ore of good quality. The con¬ 
ditions for working these deposits arc exceptionally good, as they ore 
situated close to the port of Breviksstrnnd. 

A. Udhaug i describes the iron ore mines at Hydvaranger, Norway. 


Iron Ore in China. —T. T. Read* discusses the iron ore resources 
of China. Iron ore is the second mineral of importance, the coal 
resources being the more iin|>ortiiiit, ami it is pointed out that the 
security of the future of China as u mineral-producing nation may 
easily Is* appreciated since it is founded upon an abundant supply of 
both coal and iron, the two liases of industrial development. In some 
districts the simultaneous occurrence of coal and iron ore have led 
to the development of a native smelting industry, but while these 
deposits suffice for such methods, they are not suited to modern 
processes, and iron ores of still higher quality exist which liave not 
yet been developed because the ueceasary supply of coal does not exist 
near by. One of the principal iron ore regions is the I y ing-t'iug-ehoa 
district in Shansi. The iron ores arelimonite and hjematite, occurring 
in shales and sandstones of Carboniferous age. Usually they are in 
mnssea of no grout sire or in beds or flat veins. It follows, therefore, 
that no sufficient supply of uniform quality can be obtained from these 
deposits to form the basis of (dust-furnace work on a large scale. 
Suitable deposits are reported to bo found in the Honan province, 
and analyses of this ore from Tai Yaug show the following com¬ 
position : — 



«• 

II. 

Iron. 

Per Cent. 

D3D8 

Per Cent. 
45-S0 

Silica . . , , 

4 67 

1115 

Alumin.i .... 

3'46 

642 

Manganese dioxide . 

067 

051 

l-itne . . 

a *1 

5 AO 

Magnesia .... 

trace 

025 

Phosphoric anhydride 

or»7 

1444 

Sulphur .... 
Carbonic acid . 

01174 

9 37 

opte 

270 

W atcr .... 

*20 

75 0 


In limiting iron by the native methods, the ore, mined through shallow, 
round, or r«*ctangular shafts, is broken into small pieces and hand- 
sorted. At the smelting plant it is mixed with 50 per cent of ita 


> 

a 


i and Cm! Tmdei Krvirw, voi. Uxxjv. p. $4* * Ibid on 

Utm tk» American Institute of Mining Engineer* , 1912, pp. 315-343. 
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volume of coal and packed into cylindrical crucibles, 5 inches in inner 
diameter and usually 45 indies high. From 250 to 275 of these 
crucibles are set upright in a rectangular furnace, about 12 feet by 
f> feet by 4 feet. Air fjHice is secured at the bottom by a layer of 
broken crucildes, over which is placed a layer of coal. Tho crucibles 
are set in place, with coal between them. The front side is closed, and 
the whole covered over with coal and allowed to bum by natural 
draught for three days. Tho crucibles are them removed and the 
contents taken out. This operation usually involves breaking tho 
bottom part of the crucible, which now contain* an irregular bloom of 
iron of very vuriable composition. The hloom is sold to makers of 
wrought iron, tho accompanying small pieces of iron are sold to 
makers of cast iron, and the coke is used in the manufacture of 
crucibles. The product is not pig iron in the ordinary sense of the 
word, as it contains very little carbon and is malleable. The bloom 
is worked into wrought iron by heating in a wood fire and hammer¬ 
ing down into a rectangular ingot, and the small piece* of iron an' 
mixed with coal, placed in crucibles and blown by band in a smaller 
furnace, the contents of several crucibles being subsequently poured 
into one, from which the final product is poured into moulds. From 
this product utensils of extraordinary thinness can be cast, ns tho iron 
contains os much as 5 to 7 per cent, of phosphorus, which has been 
taken up from the coal during tho reduction and remelting. It is not 
improbable that tho high phosphorus content of the Sliunsi coals has 
been the chief factor in the great development of this industry, ns it 
has afforded an easy means of securing the high phosphorus iron 
necessary in making thin tastings. The only modern steelworks in 
China arc those at Hanyang, where both blast-furnace and steel 
plant are located. The iron ores are obtained from Tn-Yeh, and are 
a good quality of htematito. An analysis is given below:— 


Per Cent. 
«OtoG2 


Irnn 



, wiot,: 

. 01)5 to 0-25 
. 0-05 to 0 12 


Sulphur . 
Silx-a 
Alumina. 
Manganese 
Copper . 


3 to 5 
1 to 2 
02 to 0 4 


005 to 0 35 


A description is given of the chief localities in which iron ore has so 
far been discovered in China, including Mukden, Shansi, Chili, Shan¬ 
tung, Kiaug-su, An-hwei, Upper Ho-nan. and Ssu-ch’uan. Although 
the knowledge of the iron ore resources of tho Chinese Empire is htill 
inadequate, it would appear, generally speaking, that ores are widely 
distributed throughout the Empire. A bibliography is appended. 

Iron Ore in the Philippines —W. D. Smith 1 and P. R. Fanning, 
in reporting on the mineral resources of the Philippine Islands, state 
that promising deposits of luematite have been found near Mambulao, 

' llureau erf Sortie*. Manila; Iron and Coal Trade) Review, voL lxniv. p. 49. 
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and on Caluinbayanga Island, whore the exposures are particularly con¬ 
spicuous. This island is situated some four miles west of tho town of 
Marohulao, in Luzon, the largest of the Philippine Islands. 11 lies at 
a point about 124 miles nearly due east of Manila, and may be reached 
overland in two or three days, or in three days by coastwise boat. 
The immediate urea is of moderate relief, and the hills to a great 
extent represent base levelling. Soil of a |tossihie thickness of 10 feet 
occurs generally over the area, except on the hematite, where, owing 
to the resistant nature, the soil is somewhat thinner, and is made up 
of softer hiemntite or limonite, mixed with innumerable lioulders of the 
harder hematite. The ore can be traced for a distance of about two 
miles, and on the surface, where revealed by true outcrops, the width 
varies up to 50 feet. Owing to the scarcity of true outcrops, it cannot 
at present be said that this is the average width, and in view of the 
mode of formation, the probability is that the outline of the deposit is 
quite irregular. 

The cjuality of the haunutite is shown by the following analyses of 
three samples:— 



L 

1 

>. 

Iran .... 
Phosphorus 

Sulphur . 

for Cent. 
5711 
o-ooi 

0 138 

PerCent. 

03119 

o-oon 

0070 

Per Cent, 
tone 
0008 
0007 


Other analyses have shown an iron content averaging 60 per ceut. 
The hematite is very compact and hard, and in appearance is very 
similar to the hard Lake Su|>erior ore, such as that from the Vennilioii 
Range, Minnesota. Some specular luematito in flat crystals is occa¬ 
sionally seen, and a small amount of magnetite is not infrequent. 

Iron Ore in Algeria. -Dussert 1 deals exhaustively with the iron 
ore de]>osits of Algeria. The discovery of many of the deposits dates 
hack to 1830; but although many concessions bad previously been 
granted, actual working was not. begun before 1865. The geology of 
the deposits is described in detail. Generally speaking, whore the ore 
occurs in veins, and whore it occurs in pockets, as the result of meta- 
somatic transformation of calcareous rings, its formation is prior to 
the oligocene, but later than the mid-eocene periods. Magnetite is 
one of the most important minerals met with in the Algerian subsoil, 
and forms almost entirely the oxidised portion of the deposits at Ain 
Bedma, while mixed with haematite it forms in the Bone district strati¬ 
fied masses of reddish mineral, which are both rich and pure. Below 
the surface the sesquioxide disappears, and the mineral becomes 
greyish, and may be regarded as a magnetite with calcareous gnnguo. 
In other regions the sands derived from the disintegration of the 

« Anntlei dti Afina, Series XI. vol. L pp. 6SM33, 135-256. 
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eruptive rocks of the region ere rich in titaniferous magnetite, end 
contain traces of tungsten. A little magnetic iron has been found in 
the Benisaf region, its formation being due to the action of lnbrndorite 
on haematite. Generally speaking, the bulk of the exported Algerian 
ores are either hematite or limonite, and in the production for 1910, 
which amounted to 1,101,109 tons, only 85,349 tons of magnetic ores 
and 3*518 tons of calcined siderose were included. Manganese is found 
in almost all the ores, but its proportion varies, and it is seldom suffi¬ 
ciently high to influence their value. The ores highest in manguuese 
are those from liar el Maden and Sebnhua, the percentages being fr55 
aDd 8 5 to 9 per cent, respectively. Pockets of ore have, however, 
been met with containing as much as 30 per cent, of manganese, and 
numerous outcrops of pyrolusite have been found in the department 
of Constantine. There is, however, no actual production of manganese 
ore in Algeria. The geology and topography of each of the principal 
regions are then considered separately and at length, analyses being 
given of the typical ores produced in each locality. In Oran the prin¬ 
cipal localities in which iron ore is found are Msirda, Beni Ouarsous, 
Benisaf, Oran Proper, and Ariew. The Benisaf ores are the most 
important. The fallowing analyses show respectively the richest ore 
and the poorest ore contained in this region: 


Analyti* of Ore* of lienitaf. 



Ore from 

Sidi Brahoni. 

Ore (turn 

Sidi Safi. 

Iron. 

Per Cent. 

m-8a> 

Per Cent. 
60*660 

Manganese «... 

1 080 

2070 

Alumina .... 

o-ftto 

1000 

Lime. 

0-200 

5160 

Magnesia .... 

traces 

0793 

Silica. 

8-000 

0-300 

Sulphur. 

o-oio 

0-203 

JMiosphuni- .... 

0-068 

0007 

PyHtn . 

nil 

0709 

Copper . 

nil 

trace* 


The other ores are of a character intermediate between these two 
extremes. In the department of Algiers the chief ore regions are the 
sea coast between Tones and Cherchell; Cheliff, Zaccars, Mitidjien 
Atlas district; and Kroshna. The ores of the department of Algiers 
are, generally speaking, lower in iron than those of Benisaf. In the 
department of Coustantine iron ores occur in Kabalie des harbors, at 
G'ollo, Filfila, and Edough, in the Bibans, and at Djebel Ouenza and 
the Djebel Bou Kadra. The ores ore mostly a mixture of hwmutite 
and limonite, and their percentage of iron is fairly regular. The 
mineral occurring at Bou Kadra is hn-matite, samples of which have 
been found to contain as much as 03 to 70 per cent, of iron. Some of 
the deposits are, however, high in sulphur. 
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Iron Ore in South Africa. — Til the first interim report on the 
mining industry of South Africa * which lias been issued since the 
inauguration of the Union, it is stated that claims have been pegged on 
huge masses of iron on* associated with norite in the Tngela Valley, » 
few miles from Middle Drift, Their position, far removed from railways 
uud in rough country, is against their development, but the immense 
siie of the deposits and the character of the ore as indicated by a 
few analyses wliioli are available, make it desirable tluit the deposits 
should be properly examined and their character placed on record. 
The following are analyses of surface samples from the deposit:— 


No. I. No. 2. 


Per Cent. Per Cent. 
'.HI 231H 

0433 4G8» 

9 HO 7-62 


Ferrous oxide 
Ferric oxide 
Titanic oxide 


The question of an iron industry in Natal presents very much the 
same features ns exist in the Transvaal. Numerous deposits are 
scattered over the country, many of which on cursory examination 
give erroneous impressions of large masses of mineral, but some 
of which, no doubt, contain large quantities of iron ore of medium 
quality. There is no present prospect of producing large quantities 
of iron and steel at a prufit, but from time to time small quantities of 
tlio better-class ores will be worked where exceptional facilities permit, 
and some of tlio numerous oxides will continue to be employed in the 
point and other local industries. 

Iron Ore in Canada.—H. Frechette* describes the western portion 
of the Torbrook iron ore deposits in Annapolis County, Nova Scotia. 
These deposits are situated on the south-eastern side of the Annapolis 
Valley. The ore-bearing district extends south-westward from the 
line between King’s and Annapolis counties, for a distance of about 
five miles, and is slightly over a mile in width. There are two parallel 
xonesof ore, distant about one mile Trom one nnother, one of which is 
ou the north side, the other on the south side of the area which 
is locally known as “ South Mountain." Both on South Mountain and 
ou the north side, numerous pits have been dug thus exposing the ore 
which is in bods conformable with the slates and quartzites in which 
they occur. The northernmost bed, known as the “ Leckie bed ” is of 
a hard hematite which is slightly magnetic. About 100 feet 'south¬ 
east of this is a bed of fosaOifenxu magnetite, known n* the *• Shell " 
bed. On South Mountain only one bod i* ..eon. The ore in most 
part-, of this bed is a low-grade magnetite, highly siliceous, and of a 
waxy lustre. > uiy few fossils are to be seen in it. 
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The following analyses show the character of the ore on South 
Mountain :— 



Pm- Cent 

Per Cent 

Per Cent. 

Per Cent. 

Iron . 

4700 

49-51 

64 53 

45 62 

Alumina .... 

3-70 

r. 4« 

250 

4 93 

Lime ..... 

■If* 

215 

0 95 

4 16 

Magnesia .... 

046 

0-90 

0 43 

0 43 

Phosphorus .... 

1 39 

0746 

IDO 

1 44 

Sulphur .... 

04161 

OlKKI 

0-008 

001 

Silica . v . 

20 IS) 

1966 

1268 

22 16 


In moist cases the ore is low in iron, anil highly siliceous. The 
bed is made up of alternate narrow hands of ore and slate. The 
widest of these ore bands seldom attains a thickness of more than 
5 feet. The aggregate thickness of ore averages about 8 feet 4 inches 
in a total thickness of 18 feet 10 inches. Owing to the low-grade 
character of the ore ond the difficulties of transportation, the South 
Mountain bed can hardly be looked upon as showing much commercial 
possibility. The “ Shell ” bed, on the north side, is magnetite contain¬ 
ing numerous fossils of Lower Oriskany or Eo-Devonian age. The 
following is an average analysis of the ore from various parts of this 
bed: — 

Per Cent. 

Iron . 44 132 

Silica . 16605 

Alumina. .. 4643 

Lime ........ 67B0 

Phcephortu ....... 0-750 

Sulphur ........ 0D9H 

Iron Ore in the United States- — A. II. Iirooks 1 notes the 
occurrence of iron ore in Alaska. In the absence of any develop¬ 
ment of the coking coals and the lack of transportation, there has 
been little encouragement to prospect the deposits of Alaska. The 
best known of the deposits of magnetite are those of Prince of Wales 
Island. Iron ore deposits of the segregated type occur- near llaines, 
in south-eastern Alaska, but their commercial value remains to be 
established. They consist of primary magnetite disseminated in a 
basic rock compose.) of pyroxene and hornblende. The best specimens 
examined contained a maximum of 30 per cent, of magnetite. 

J. Sanders® describes the occurrence of hmmatite in veins in the 
Globe district of Arizona, and discusses the mode of its formation from 
pyrites. The oldest and most typical formation is that which occurs 
at the Old Dominion Mine, where the most prominent feature is the 
great depth of the zone of oxidation, extending to many hundred feet, 
sulphide ores not being encountered except in the deepest workings. 
On the other hand, in veins of the Summit class lying in the hard 

* United States Geelagisal Snnwy, Hullttin No. 480. pp. 90-91. 

* Engineering and Mining Journal, tol. xcil. pp. 1191-1192. 
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schist, sulphide ores are encountered almost from the surface down, 
although some oxidation may extend to a depth of 200 feet. The 
action of alkaline or metallic carbonates upon sulphide minerals, such 
os pyrite, may account for the occurrence of hiematite in association 
with pyrite and chalco-pyrite in the mine. 

Important now finds of iron ore hnvo been made on the Me.saba and 
other range*.* The Newport Mining Company has been successful in 
its exploratory work several miles east of the Newport mine at Iron- 
wood, Gogebic Range, and has discovered an immense deposit of high- 
grade ore that bids fair to equal in proportions the Newport deposit 
itself. A strike of much significance and apparently of considerable value 
has also been mode at the Silverman property east of Ely, Ver milion 
Range. Two dromond drills are in commission, and each of these lias 
encountered a body of high-grade ore that appears of large proportions. 
The deposit is only a little more than 10U feet beneath the surface. 
The M. A. Hanna interests of Cleveland have added an important 
deposit of iron ore to their Marquette Range holdings. The property 
concerned consists of 200 acres udjoining the American Mine on the 
west. It has been explored extensively, and is known to possess great 
mineral value. In addition to the lease there has been executed 
between the same interests an option covering 160 acres still farther 
west in the same section. It is believed that, this latter tract contaius 
a large ore liody also. Sufficient work has already been done to 
disclose the presence of Bessemer ore, but its extent can be deter¬ 
mined only by systematic exploration. 

G. C. Stolte* describes the Cheever Mines, Port Henry, New York. 
The deposits, which consist of magnetite, are among the oldest of the 
iron mines in New York State, and wore worked as for back as 1785. 
The deposits can be traced along the strike for nearly a mile, and the 
most southern of the ore bodies outcrops for about a quarter of a mile 
from the shores of Rake Champlain. The ore bodies occur in acid 
gneiss, or sometimes syenitic gneiss. Most of the magnetite is granular 
and basic, containing variable quantities of green to pink apatite with 
green pyroxene constituents. The ores are pruUbly of sedimentary 
origin. The methods of mining and concentrating are described. 

It is stated 1 that one of the oldest iron ore mines in the United 
States is that known as the Forest of Dean, situoted about five mile* 
w est of Fort Montgomery on the Hudson River, Orange County, New 
York State, which has been worked since 1756. 

The ore deposit is a large prism-shaped mass 120 feet high by 
90 feet wide, it* fonn being due probably to its having folded upon 
itself. Tt dips north-west at an angle of nbout 23 degrees, and has 
been worked along this slope for n distance of about half a mile. The 
working slope is on the footwull, which is gneiss. The ore us shipped 
averages more than 80 per cent, of iron. According to analysis 
taken in the days of hand cobbing, the ore averaged as follows;_ 


1 Iron Aft, voL IxuviiL p. 70S. 

l 

* . 
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Silica 
Alumina . 

Lime 
Magnesia 
Iron oxide 
Phosphoric orii I 
Carbon dioxide 
Water . 


l*er Cent 
. 51)0 

. trace 
5-51 
. I 19 

83 56=metallic iron, fiOH 
. 2-3» 

. 106 
. 020 


A discovery of iron ore is reported» from Ayr, Pennsylvania, the 
estimates of its quantity ranging from 500 to 1000 million tons, 
much of which is said to he of Bessemer quality. It. is believed tlmt 
the property contains at least one billion tons of high-grade ore. 
consisting of bluck hwmatito, brown haematite, red haematite, and 
carbonate of iron. On the other hand, from a report of the State 
Geologist, it ap|H.>ors that while there is an abundance of ore there, 
principally brown luematite, the estimated deposit of commercial ore, 
in his opinion, is far short of one billion tons. In regard to quality, 
selected samples, be declares, may contain GO per cent, of iron, but it is 
doubtful whether any of the ore bodies will average 50 per cent. 


Iron Ore in Brazil. — c. K. Leith s and E. G. Harder describe the 
hn-m.it ite ores of Brazil, and compare them with the haunatites of 
laike Superior. The important ores in the Minas Gomes district of 
Brazil are massive liieumtite and jacutinga. Secondary concentration 
resulting from the leaching of impurities lias enriched much of the 
jacutinga ore, but has not been sufficient to form ore deposits from 
ordinary iron formation or itabirite, as has been the case in the Luke 
Superior district. Brazilian ores are associated with vast quantities 
of residual or transported fragmental ores, usually of a somewhat lower 
grade than the bedded ores, and though not able to be immediately 
utilised, they nevertheless constitute enormous fair-grade deposits for 
the future. Estimates of tonnage for the regiun as a whole would be 
premature with the present state of knowledge, but it is certain that, 
the estimate of Derby, of two millions for the district, is conservative. 
Of the high-grade massive hiematite and jacutinga, ranging from 
63 per cent, to 69 per cent, in iron, the tonnage is probably not far 
short of the total reserve of available ores in the loike Superior 
region. The grades of the hnmintites vary, of course, with the 
content of silica and phosphorus, but tho conspicuous thick lenses 
of massive iron ore are probably the richest ores of Bessemer hxmatite 
in tho world. Some jacutinga ores are equally rich, but other- an- 
somewhat high in phosphorus and silica. The iron ores of tho Minns 
tieraes district are more like the Luke Superior ores in type, geological 
associations, richness, and quantity than anything yet discovered. 


Iron Ore in Cuba -The nature of the iron ore deposits of 
Mayari, which linve already been the subject of litigation in the 

l Inn and Coni Trada Review, vol. Ixxxiv. p. Gift. 

* Ennomu Geology; Iron and Coal Tradei Review , vol txxxiv. pp. 170-172- 
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United States, is reported upon at length by R. A. <le Yarza,* * R. S. 
Lozano, and ^ . Kindelan, who describu the deposits and submit a 
n uudier of definitions from various sources relating respectively to 
iron ore and ochre. They also give a summary of the laws bearing 
on the subject, and tables of analyses prepared bv Pattinsou and 
Stead. Ihe ultimate opinion they arrive at is adverse to regarding 
tlte ores as ochre. 

J. I. del Corral - also deals with the legal considerations involved. 

IK k Wood bridge 3 describes the iron ore deposits of Culsi. On 
the north coast there are iron ore deposits in the nature of laterites 
amounting to about 200.000,000 tons. They lie in the province of 
Oriente, near the east end of the inland and adjacent to the sea. The 
deposits consist of a brown ore, high in moisture and alumina, very low 
m silica und phosphorus, containing about 0 7 per cent, of nickel. The 
average thickness of the beds is alwut 20 feet, A typical analysis of 
these ores, dried at 212 degrees, is as follows •— 


Silica 
Iron 

Alumina . 
Chromium 
Nickd l 
Cobalt f - 
Phmphono 
Sulphur . 
Combined H,0 


Per Cent 
3-ST 
4367 
1307 

1746 

08035 

0008 
0 107 
11 59 


Hygroscopic moisture varies with the seasons, but averages about 
15 to 20 per cent. 

Native Iron — A A. InostzanzefP states that a specimen of 
native iron has lieen obtained from Russian Island, Vladivostok Tlte 
specimen, which was taken from a Itorehole pausing through quartz- 
porphyry and Tmssic sandstone, is brown and resembles limonite in 
appearance, but it lias a much higher spocific gravity (7 0071 and is 
strongly magnetic On a fresh fracture it shows ,/ peculiar oolitic 
structure, with bUdk grains set in a silver-white metallic ground- 
mass. The structure of Urn metallic portion as seen under the 
microscope i> not like that of other native irons, hut is very similar to 
lh„, of «Oo»l ta». Tl. ,|,ow, 

granular eementite, and a ground-mass of pearlite. whilst is 

also present. Analyse, by S. A. Jakowleff gave - “ 

Iron. . Percent. 

. . 93 87 


Combined carbon . 
Free carbon . . 

Aluminium 
Manganese 
Silicon . 

Sulphur . 

Total. 


083 

2-87 

016 

(MS# 

If* 

0-04 

99 48 


1 Kmita Minora, voL Ini. pp. 495-501. , ,.T _ _ 

* Canadian Mining Journal, vol. xarii. pp 73 K --41 ^ ' pp ‘ 

* ZtUxkriflfUr Kiyitallografikit nnj ilinaralogi,, i* t. p(1 
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In composition also the material is thus identical with artificial 
cast iron. It is suggested that this 11 native cast iron * was formed by 
the action of the intruded igneous rock on coal and iron ore in the 
sedimentary rock-*. 

Chrome Ore- —An important deposit of chromite lias been found 
at Selukwe, in Rhodesia, 1 and during 1910 no less than 41,002 tons 
were shipped. The output is increasing rapidly. The deposit consists 
of a huge segregated mass associated with serpentine and is easily 
quarried. It ia close to the railway; the cost of mining is low, and 
the supply is exceedingly large. Chromite is found in several other 
parts of Southern Rhodesia, and it* occurrence appears to lie con¬ 
nected with the great intrusion of picrite which runs north and south 
through Southern Rhodesiu from the Zambesi to the Limpopo. 

Manganese Ore. —E. Pfiwoznik 3 discusses the industrial import¬ 
ance of manganese and its compounds. The occurrence of the ore and 
the use of manganese in the smelting and refining of iron and in the 
chemical and dyeing industries are considered. 

Hoyer* describes the manganese ore deposits of the southern 
Sierra Morena in tho province of Huelva, Spain. The origin of the 
deposits is discussed. 

Molybdenum Ore. —T. L. Walker 4 describes the occurrence of 
molyb*fenum ores in Canada, and deals with the nature of the ores, 
their uses, production, and methods of concentration. 

Nickel Ore- —The occurrence of nickel-bearing pyrrhotite in Floyd 
Co., Virginia, is reported. 1 The ore occurs on the hillside and is 
a.--ociated with some chalcopyrite. The percentage of nickel is about 
1*75. and there is 0‘4 per cent, of cobalt present. 

Tungsten Ore. —R. s. Lozano s gives a description of the tungsten 
requires of Spain and Portugal, together with statistics as to the 

f iroduction of ores containing tungsten. In 1900 the production was 
ess than 2 tons, but this output had risen in 1908 to no less than 
226 tons. The production in Portugal was nearly three times as con¬ 
siderable, the output in 1909 having amounted to 710 tons. The 
tungsten deposits extend over the whole of the West Iberian Penin¬ 
sula, and veins penetrating the quartz are found as widely apart as in 
Cordova, Andalusia, Salamanca, and (lalicia. In Portugal the voins 
chiefly occur in the north. Generally speaking, the northern deposits 

1 Emginttring ami Miming Jen mat, val. xcii. p. 956. 

* Otttrrrrirkuckt /.ntuhri/t, ml. lit. pp- .682-587. 

* Eriiukri/t fir frakiuckt Gtatagu, vat xix. pp. 407 -432. 

» Canada, Department of Mine*, Mines Branch, Report No. 93. 

* Emginttring and kfimmg Jimmal. mi. xcii. p. 844. 

• Paper read before the Internaiional Congress < f Mining. Metallurgy. Applied 
Mechanics, and Practical Geology. Dusseldorf; litUltlim dt !j SocitU it ’ /nJu tnr 
Mintra.lt. Series IV, sot xv. pp. 288-3©. 
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of tungsten are accompanied by tin ores, but in the south they occur 
alone. 

It is stated 1 that the tungsten ores of Portugal uro remarkable for 
their purity, containing neither tin, Bulphur, phosphorus, nor bismuth ; 
and, after being dressed, contain from 70 to 72 per cent, of tungstic 
acid. By reason of this purity these ores are largely used in the 
French electro-metallurgical industry for the production of ferro- 
tungsten. 


Vanadium Ore.— F. F. V. Curran* describes the carnotite 
deposits of south-west Colorado. They occur in Paradox Valley. 
At Dry Creek, 6 miles west of Nuturita and 46 miles west of 
the nearest railway station, Placerville, the valley is 3 miles wide 
and over ;>0 miles long, and is, generally speaking, an expanse of 
sandy loam, dry and dusty during the greater part of the year, but 
yielding abundant crops when favoured with the infrequent rains. 
The carnotite ore-bodies outcrop from the sloping sides of the 
mesa about 600 feet abovo the valley's level, and may be mined 
by horizontal tunnels driven in from the surface. The ore is roughly 
sorted and placed in canvas sacks, holding about 83 lbs. each, and 
is hauled by wagou to Placerville. The twst-known mine is the 
Jodandy, at an elevation of about 6000 feet above sen-level. The 
ores are of variegated colours and richness, ranging from vivid 
canary fellow, with 10 to 13 per cent, of uranium oxide, to greenish 
black Kentsmithite. Red hydro-calcium vanadate also occurs, con¬ 
taining as much as 90 per cent of vanadium oxide. The demand for 
carnotite as a source of vanadium employed in medicine, dyeing, and 
in the iron and steel and <-opper industries, as well a» for the'extmction 
of radium, is increasing rapidly. Fully 90 per cent, of the carnotite 
ore production is shipped either to Liverpool or to Cannonsburg, 
Pennsylvania. Carnotite is the most desirable of the ores of vanadium, 
•for it can be cheaply and easily treated, ami n 10 per cent, solution of 
sulphuric acid can extract 86 per eeut. of the vanadium in fifteen 
minutes, or the whole of the vanadium iu half-an-hour. 

C. A. Allen* describes the vanadium deposits in the CaUllos 
Mountains New Mexico. The ore consists of vanadinito or vanadate 
of lead, and the development of the deposits and the treatment of the 
ore are dealt with. 

J. O. Clifford * also describes the deposits of vanadium in the 
Ciiballas .Mountain*, JNew Mexico. 

Meteorites — B. Meunier» states that a meteorite which fell 
recently near Alexandria shows a remarkably crystalline structure, 
and consists principally of fragment# of hypersthene (83 34 per cent.) 

* Mining and Engineering World, vot xxiv p <)|o 

a Engineering and Mining fennel, vot *di. pa 1287-1 •'8H. 

* Mining and Scientific Ertu, September iSi 1'Ul 

» Mining and Engineering World, vol. ,xxv. pp . S57-S68 

» LamfUi Rendm, vol. dm. pp. 785-787. 
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united by a earnout soluble in hydrochloric acid. The hyperathene 
shows the mauled structure, and contains inclusions of ilmenite 


Analysis gave:— 

• 

ftfh 

CaO 

MgO 

K...O 1 
Na/Jf 
MaO 

Per Cent 

. 17-K) 

. o-ow 


Tout ..... SMO 


W. P. ilwuldeu 1 states that a mass of meteoric iron weighing 
596 llis. was found about 1906 at Currant. Creek, 22 miles south-west 
of Cripple Creek, Colorado. It shows no Widmanstatten figures on n 
polished and etched surface. Analysis gave :— 


!*er Cent. 

Fe.89'710 

Si.91W9 

Co.0 554 

Mn.0-051 

Cr.0 018 


MgO. J 

Its specific gravity vras 7'93!M. 

A tabulated collection of 125 published analyses of meteoric stones 
is given by O. C. Farrington.* A table is also given showing the 
nvemge composition of 318 meteoric irons, and the average of all 
meteorites, both stones and irons. 


U.—IK0N 0ICE MINING. 

Shaft Sinking. —E. M. Ileriot* discusses the relative merits of 
various shapes for shafts. They may be either rectangular, oval, or 
circular, and the prevalence of any one type in certain districts is 
largely due to custom. Rectangular shafts have comparatively few 
advantages, and the adoption of circular shafts is urged both on the 
score of safety and economy. 

Explosives and Blasting. —TafTanel 4 and Dautriche discuss the 
methods of firing explosives when blasting in mines. One cartridge 
containing fulminate is usually arranged so as to explode several 
cartridges containing safety explosive only. Some experiments are 

• Pnxttdingt of Uu Colorado SkintiJU Sorirtjr, vol, tit pp. 79-80, 

2 FitU Mnttum of Natural History, Chicago, 1911, Geological Series, rot. tti. pp. 

195-229. 

2 Enginttring and Mining Journal, Vol. xcii. pp. 128S-12SS. 

1 Comgtts Krndm, voL cllki. pp K3-82&. 



















444 


THE IRON AND STEEL INDUSTRIES. 


described, the results of which show the most advantageous arrange¬ 
ment of the fulminating cartridge with respect to the others. 

Equipment of Iron Ore Mines. — J. Liston* describes the electric 
power equipment at the iron ore mines of Witherbee, Sherman tic Co., 
Port Henry, Now York. Alternating current generators and induc¬ 
tion or synchronous motors are used for practically all power pur¬ 
poses. There are some small motor-generator sets supplying direct 
current for magnetic separators and for locomotive haulage, but the 
total capacity of direct current motors is less than 100 horse-power, 
whereas the generating plants with a combined output of 4475 kilo¬ 
watts serve alternating current motors totalling more than 5500 horse¬ 
power. 

G. £. Eilwants* describes the equipment of the Chapin mine of 
the Oliver Iron Mining Co. situated in the south-western part of 
Dickinson county at Iron Mountain, U.S.A. 

Timbering in Iron Ore Mines —H. Lakes* deals with the 
timbering of metal mines through running and swelling ground. 

F. L. Burr 4 describes the method of square-set timbering us carried 
out at the Vulcan Iron Mines, Michigan. 

Methods of Mining Iron Ore. — A short account is given 8 of the 
Styrian Erxberg and the method adopted for the working of the ore. 
The ore is essentially a basic carbonate, containing on the average 
38*7 per cent of metallic irou. The mountain of ore presents the 
appearance of a vast staircase, the ore being continuously shovelled 
away on each levol. 

The methods of mining in vogue at the Biwahik Mine, tho oldest 
mine on the Mesabi iron range, are described and illustrated by 
C. A. Troper.® The deposits now being worked dip to the south ubout 
10°, and have a depth varying from 50 to 300 feet. Almost solid 
scum* of hard ore cover several acres in a stretch, the intermediate 
layers being pure taoonite and “paint ” rock. By proper selection a 
good smelting mixture con be obtuined of tho a\ eruge composition : 
Bessemer: iron, 55 per cent.; silica, 550; phosphorus, 0 045; uon- 
Besscmer: iron, 51*50; silica, 6*0. Six shovels ore used, each with a 
dipper capacity of 3 cubic yards. The breaker is the’largest ever 
built, being a No. 24 Allis-Chalmers machine with a 48-inch opening, 
tho object of its employment being to avoid reblasting and to permit, 
handling of rock which eould be landed by Bteam shovels and hauled 
to the crushing plant in care of larger size tlinn those previously 
employed. The crusher is of the gyratory type, and os the steam 

1 Iron Trait Krvirm, vol. 1. pp. 549-053. 

* Mining ani Engintrring ll orld, vol. rxrvl. pp. 499-801 

* /hi.. voL Mxr. pp UW-11OT. 

* Paper read before the Lake Superior Mining In.titute; Mini*. a „J Sngimtrring 

World, vol xxxri. pp. B5-C7. * 4 

» Stahl uni Em, vol xxiii. pp. 297 303. 

* Enginerring and Mining Journal, vol. xcii. pp. 1043-1045 
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tthoveln handle pieces of ore weighing up to 7 or 8 tons, provision hits 
been made for any pieces that might fall across the receiving opening 
in such a way as to obstruct the access of the material to the 
crushing throat. Details of the construction of this breaker and 
sectional drawings Are given. 

H. C. Estep 1 reviews the developments of mining operations on the 
Mesabi, Vermilion, and Cayuna ranges. 

R. W. Vallut 3 gives an account of the Newport iron mine at 
I ion wood, Gogebic County, Michigan, with special reference to the 
methods of working employed and the system of mino surveying in 
vogue. 

C. Dixon 3 deals with the open-cut mining of brown hiemutite in 
Alleghany and Craig counties, Virginia. 

He also describes 4 the methods of mining brown hieniAtite iron ore 
that are peculiarly adapted to the conditions existing at the Low Moor 
mines, Virginin. 

Haulage of Iron Ore.— A. Thunblom 5 describes a compressed-air 
locomotive suitable for the transportation of ore. 

C. Hanocq a continues his mathematical investigation of the condi¬ 
tions under which aerial ropeways should be installed and worked, and 
gives formula- for the guidance of engineers engaged in this class of 
installation. 

The aerial ropeway installed at the Orconera Iron Company’s Mines 
in Biscay, in the north of Spain, is described and illustrated.* The 
system is a modification of the Bleichert apparatus. 

Ore Handling. — A description is given 8 of the new ore dock 
erected at Alloucx, Wisconsin, which is claimed to bo the largest in 
the world. It is equipped with 151 double ore pockets with a 
capacity of 325 tons each, and is capable of loading into a single 
vessel about 9500 tons of ore in twenty-five minutes. 

K. Buumgarten 9 illustrates several types of gates for ore shoots, 
pointing out that ease of manipulation and handling of the ore depends 
upon uniformity in its site. Oue of the moat useful types is the arc 
gate. Any ore shoot gates should be exceedingly strong to withstand 
the hammering action of the ore in its passage down the shoot. 

.T. S. Cox 14 describes the ore loading appliances installed at the port 
of Nima Xirna, on the south-west side of Cuba, near Santiago de Cuba, 
far loading ore from the Ponopo Manganese Company’s El Cuero iron 

* Iran Trad* Review, rot L pp. 26-36 

* Enlletin of the A merit an institute of Mining Engineers, 1911, pp. 903-921. 

* Mines ami Minerals, vol. xxxii. pp. 483-431. 

* Ihd.. pp. 553-564. 

* Eikang till Jernkontarett Annoler, 1911, pp. 917 920. 

* Rene Unr.erstlie ies Mints, Series IV.. vol. lxxvii. pp. 1-50. 185-234. 

7 Ikid., vol. xxxviii. pp. 117-12L 

* Iron Trade Res ins', vol. L pp. 190-196. 

* Engineering and Mining Journal, voL xrii. pp, 740-741. 

>• Iron Age. vol. Uxiviu. pp. 753-755. 
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mines. The problem to bo solved was thu transport of ore estimated 
at 250,000 tons close to the Carribean Hea, but nine miles by water 
and twenty miles by land from the nearest available port. A com¬ 
bination of a number of principles was devised, of which the canti¬ 
lever was the controlling factor. The capacity of this plant to deliver 
ore to vessels is regulated by the sjieed of the conveyor, which travels 
650 feet per minute, and the volume of feed to which the roller feeders 
are adjusted. At first it delivered 700 tons per hour, but this has 
now been increased to nearly 800 tons per hour. 

C. A. Tuppor 1 describes the modern methods of handling iron ore 
at the various mines in Spain. 

K. D. Williams 3 describes the largest iron ore carrying steamer on 
the Great Lakes. This vessel (the Schoonmaker) has a capacity of 
15,000 tons. 


Grading Iron Ore. —B, F. Rico 3 describes the grading of dry 
and granular material, according to size or bulk of particle, without 
screens, and advocates the tiso of the McKesson screenless sizer to 
provide a cheaper and more efficient method of sizing such material 
tluin is afforded by any screening device. 


Economics of Ore Mining. —J. R. Finlay 4 deals with the method* 
for valuing ore properties, with special reference to tho hard ore, 
soft ore, and Swunzy districts of the Marquette Range, and to 
scattered low-grade mines of other ranges. The logical position to 
take in regard to undeveloped mineral lands is that whatever values 
they may be proved to contain will be real is,-d as soon as the mine is 
developed, and therefore the State loses nothing in the long run by 
exempting such land from taxation. L. Fraser 1 likewise deals with 
the valuation of ore, and gives a scheme for estimating the amount of 
ore in a stope. This can bo ascertained by plotting two new factors 
on a stope map, which gives better result* than tho old method of 
estimating the amount of oro by taking widths only. 


History Of Minin g. — K. Nisliio r ‘ gives an account of the history 
of mining in Jnpnn. In the early mythology of Japan the tradition 
is recorded that Ishikoridouie, a smith, was the first to smelt copper. 
Records extending from the first year- of the Kmperor Jimmu, 660 n.e„ 
to the conquest of Korea by the Empress Jingu, a.D. 200, show that 
swords and mirrors were made early in those days, hut no definite 
record* occur of other metallic products beyond the fact that when 
tho Empress Jingu conquored Shiragi, r province of Korea, the king 
of that country promised an annual tribute of eighty vessels loaded 


* Mining am! Engineering World, <roL XXXVI. pp, i<)- ,,, 

> Iren Trade Errveo. rol. I pp. Kt SR. ” 

1 Metallurgies! and Ciemi.aJ Engineering, rol in. pp. 027-fB*. 

* Engineering and Mining Journal, vol. xai. pp. 71'j rvi 
» Hid., pp. WO 803. 

* Bulletin 4the Americeen tnitiUU of Mining Engineer., 1912, pp, 
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with gold, silver, end other treasures. Records relating to the iron 
industry are meagre. The smelting of magnetic sand was commenced 
about the year 1266 at Sugatini Mine, Idr.umo, and the art of making 
swards, which seems to have been prosperous as far back as the ninth 
century, greatly unproved at about this period. A mine map dated 
1695 is preserved at the Tokio Imperial University. 


III.— MECHANICAL PREPARA T10N. 

Iron Ore Crushing. —An illustrated description 1 is given of an 
electrically driven iron ore crushing machine at the Biwahik Mine, 
Minnesota, which has a capacity of 1000 tons an hour. 

Washing Iron Ore. —C. A. TupjHsr 3 gives an illustrated descrip¬ 
tion of the ore washing plant of the Oliver Iron Miuiug Company. 
The plant is situated about three miles from the company’s mines, on 
the shore of Trout Lake, oppositu Coleraine, Minnesota, and is equipped 
with electric drive, and is capable of dealing with 1000 tons per 
hour. The chief feature is the use of the Overstrom table, this being 
the first time it bus ever been adapted to the concentrating of iron 
ore. It has a patented head motion which advances mineral parti¬ 
cles very rapidly, rocking arms being employed for the purpose. The 
table top rests on four long rollers, which extend the whole width 
of the table. It is a diagonal table, with the top placed diagonnl 
to the line of reciprocation. Each of these Overstrom tables has a 
capacity of 350 lbs. of concentrates per hour. 

The iron ore washing plant of the Orconera Iron Ore Company, 
Limited, near Bilbao, is described by C. A. Tupper.* 

Drying Iron Ore — A recent test, of drying wet iron ore with a 
Haggles dryer at the Bequest Comjiany'i No. 3 Mine, Buttsville, New 
Jersey, gave an efficiency of 89 05 per cent. The dryer wns installed 
in the open, and was driven by a vertical steam-engino, which oper¬ 
ated the dryer as well as the fan. The results of a series of five 
ore-drying tests carried out at this mine are given. 4 

A description has appeared 5 of an experimental Atlas oro-drying 
plant erected at tho Hollister mine, near Crystal Falls, Michigan. 
The apparatus has a capacity of approximately 400 tons per twenty- 
four hours, and dries from 14 to 15 per cent, down to about 4 per 
ceut. It consists of a revolving steel cylinder, about 5 feet in diameter 
and 30 feet long, set at an incline toward the discharge end, and with 
lifting blades for cascading the material in its passage toward that 

> Iron Trade Reotnr. rol. I. pp. 3H7-390. 

5 Mining and Engineering It arid. toL xixv. pp. 049-9M. 

* Hid., vol. xxxve pp. 107 111- 

* Inn Trade Review, vol. xlix. pp. 1000-1061. 
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en<l. The cylinder is enclosed in a steel casing like a boiler setting, 
with a furnace at the front and a fan which draws the heated air from 
it through suitable inlets in the cylinder and into direct contact with 
the ore as it pisses toward the rear. The design is such that the air 
at its highest temperature and greatest velocity is brought in contact 
with the ore in its wettest state; and these ore gradually lessened in 
degree, until at the discharge end there is practically no heat or fan 
suction remaining and very little moisture in tbo material. This 
elimination of the air suction at the rear of the cylinder obviates the 
necessity for a duat chamber, and the dried ore falls by gravity, 
through the open end, to an elevator. The shape of the air inlets, 
coupled with the cascading effect, prevents any leakage from the 
cylinder during the passage of the material. 


Concentration of Iron Ore. — II. Louis 1 discusses magnetic 
methods of concentrating iron ore. He deals with the principles 
upon which mngnetic concentration depends, and describes the vari¬ 
ous separators which may be used on an industrial scale. The author 
has been successful in concentrating Cleveland iron ore by this 
method. 

The utilisation of fine iron ores and residues is dealt with, 1 and 
various processes for the concentration of low-grade ores are de¬ 
scribed. The early method adopted was to mix the fine material in 
a pug mill with some binder, such as clay, and form the mixture into 
blocks or briquettes in moulds by hand. The briquettes were then 
air dried, or, in the later plants, placed on floors below which steam 
was passed, and finally stacked in large kilns nnd roasted by means 
of a series of coal fires carried in hearths placed at intervals along the 
walls of the kilns. This comparatively crude method was followed by 
a modification of the Hoffman regenerative type of kiln which is 
frequently used for the burning of clay bricks. The nodulising 
process which is used to a modified extent in this countrv and in 
America consists of a long tubular furnace, about 100 to 125 feet in 
length and 7 to 10 feet internal diameter, made of riveted Bteel 
plates lined with firebrick. The tube is mounted on rollers at a 
slope of about 1 in 10, and is heated by means of producer or blust- 
furuace gas. The material to be dealt with passes into the top end of 
the furnace, when, owing to the slope and the rotary motion, it slides 
down the tube and the fine particles adhere together, forming nodules 
varying in sire from that of a pea to a walnut. At the lower end of 
the furnace the temperature is sufficiently high to cause the particle- 
to sinter together, forming u hard product with u capacity to absorb 
water amounting to about 6 per cent of their weight Sulphur is 
reduced to about 01 per cent In the Grondal process the material 
passes to suitable mechanical presses, by means of which it is formed, 
without any addition of binding material, into briquettes usually 
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having the dimensions of 6x6x3 inches. The briquettes nro 
stacked in two layers on to bogie ears, which stand on rails running 
past the presses to the tunnel-shaped kilns. The kilns, which range 
in length from 150 to 200 feet, are built of firebrick. The width of 
the tunnel is such ns to allow the cars to [hiss through with a mini¬ 
mum clearance of about 2 inches between the cars and the sides, so 
that the hot gases shall have ns little opportunity us |K>ssible of 
damaging the ironwork. The kilns are filled by a continuous row of 
cars abutting together end to end. The cars are passed into tire kiln 
at the rnto of about three per hour by menus of a push-bar actunted 
by an endless chain revolving in the centre of the track outside the 
kiln. The process is a continuous one, the time taken to produce 
finished briquettes from the raw material being roughly eight hours. 
The briquettes produced, owing to the oxidising nature of the Hume 
und the free draft-, have an extremely low sulphur content, usually 
ranging below 05 per cent., and the iron exists invariably in the 
hicmatito form. The porosity is about 15 per cent,, and little trouble 
appears to be experienced from disintegration into powder during 
transit. 

H. Comstock * describes a large iron ore concentrating plant at 
Mineville, £ssex County, New York. The group of magnetite mines 
in this locality produce 1,000,000 tons of high-grade ores and con¬ 
centrates annually. Tlio three principal ore bodies are Old Bed, 
Harmony, and Barton HilL The concentrating plant is divided into 
two sections, either of which may be run independently of the other. 
1 he current for the magnetic separators is obtained from a motor- 
geneiator set consisting of a 75-horse-power 440-volt constant-speed 
induction motor directly connected to a 50-kilowatt 125-volt direct- 
current generator. 

The erude ore from the Harmony Mine contains about 51 per cent, 
of iron, 28 per cent, of silica, and 0-2 per cent, of phosphorus. After 
the concentrating process the concentrates average 64 per cent, of 
iron, 0"08 per cent, of phosphorus, and about 9 per cent, of silica, 
fonning a course granular product ideal for hlast-fumnce ubo. The 
tailings average about 10 per cent, iron and 60 per cent, silicn. Tho 
iron recovery is thus from 96 per ceut. to 97 per cent. The capacit v 
of the mill on 04 per cent, concentrate* is 100 tons of erode ore per 
hour, but when middlings are being mode the capacity is considerably 
greater. The power consumption per ton of crude ore is about three 
kilowatt hours. This includes all the primary crushing and all hand¬ 
ling after the ore leaves the skips. In addition tho mill is equipped 
to produce a special high-grade product of the following analysis:_ 


Iran . 
Pboaphoru* 
Silica 
Alumina , 


Per Cent. 
. 71-00 
0017 
1-80 
0-90 
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These concentrates are used chiefly in the manufacture of electrodes 
for arc-lamps. 

The iron ore concentration and briquetting plant at the Sydvai 
anger Iron Mines in Norway is described and illustrated by A. 
Udhatig.* 

Briquetting of Iron Ore and Flue Dust.—J. A. A. Auzie* - gives 

details of a method of. hriquottiug iron ore and treating fine residues 
with milk of lime or by adding about 3 per cent, of quicklime to the iron 
oxides, and subsequently moistening the mass so as to form a workable 
paste. It is an odvnntage to add to the iron oxides about 10 per cent, of 
fine wood sawdust. After the briquettes have beeu made they are raised 
to a temperature of 1200° to 1600°, which brings altout calcination of 
the mixed hydrate of lime and iron, and at the same time burns out 
the Bawdust incorporated in the muss, thus conferring on the briquettes 
the necessary porosity. Experiments were also carried out with mag¬ 
nesium or calcium chlorides. To a mixture of the ore with sawdust 
or coke dust and a little lime or magnesia a 10 per cent, solution of 
magnesium chloride is added in sufficient qunntity to form a plastic 
mass, which is subsequently compressed ami dried by beating. Thus 
treated, briquetted ores satisfy all the necessary requirements of a 
good briquette. 

J. W. Richard* 3 describes the Schumacher briquetting process. 
The process rests on the observation of the fact that blast-furnace flue 
dust, while possessing of itself no binding properties, acquires such if 
mixed with u very small amount of certain salt solutions. In practice 
5 to 10 per cent, of its weight of magnesium chloride or calcium 
chloride solution is mixed with the dost, imparting to it the projierty 
of setting within a short time and forming a hard cemented briquette. 
A plant has been installed at Johnstown, I'ennsvlvunin, with a capacity 
of 250 tons of briquettes per day, and an illnstratiou of a Brtick- 
Ki etschle press for the Schumacher process, installed at Seraing, if* 
given. A briquette made of flue-dust absorbed 11-5 per cent, of it* 
weight of water, which represents a porosity of 27 per cent. After 
drying, the briquettes tiecome exceedingly hard. The solution added 
appears to act as a catalytic agent. 

N. V. Hansell 4 deal* with the briquetting of iron ores, with 
special reference to the Clrotidal process, which is fully described and 

illustrated. 

W. 8. Landis 5 deals with the agglomeration of fine materials, and 
divides the agglomeration processes into two groups, in one of which 
certain properties of the material are utilised to ohtain the desired coher¬ 
ence, and in the other coherence is obtained through the addition of a 
foreign substance or binder. A good briquette should be porous, and 
one of the greatest draw backs to the nodulising process is that the 

1 Inn and Coal Trades Review, rol. luxlv. pp. 161-103. 
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nodules are non-porons, and therefore difficult to reduce. Disintegra¬ 
tion should not follow the exposure to water vapour. Briquettes 
should not disintegrate when heated to redness, and in no instance 
should they contain a hinder such, for instance, as a sulphur 
compound, which might exert a harmful influence on the furnace 
product. 

The briquetting of fine flue-dust is discussed by F. A. Vogel. 1 In 
the United Suites this dust usually contains 20 per cent, of coke and 
over 40 per cent, of iron, and a ton of flue-dust represents a material 
loss. The processes described for sintering and hriquetting such flue- 
dust are the lluntington-Heberlein pot process, the Grimdal briquett¬ 
ing process, the Dwight-Lloyd process, the Greenawalt, process, the 
Pioneer process, the Ronay process, and tho Schumacher process. 
The hitter doe* not. use a binder properly ao called, but is based on 
the latent cementing material* present in fresh flue-dust, which lire 
made active by the presence of a small amount of a catalytic sub¬ 
stance. The process is inexpensive, and is extensively used abroad ; 
while the briquettes made by it Irnve given highly satisfactory 
results. 

K. Uolzhutter - gives an account of the method recently patented 
by L. Weiss for the hriquetting of ores and of flue dust. lime is 
used as the initial binding material, and after tire briquette has l**>n 
moulded it is treated with carlion dioxide under pressure, whereby tho 
lime is couverted into chalk. This yields a very strong yet porous 
briquette, particularly suitable for blast-furnace practice. 

J. Mchrtens * discusses the manufacture of briquettes by the aid of 
high pressure. Illustrations ore given of the different types of presses 
used by German firms. 

Bcucke * gives a critical review of modern methods of briquetting 
iron ore. 

A description is given 5 of the method employed for hriquetting fine 
iron ores without the use of a binder by the Alquife Mines and Rail¬ 
way Company, Ltd., at Guadtx, in the province of Granada, Spain. 


IV .—METALLURGICAL 1'RE PA HA TION. 

Dwight and Lloyd Process of Sintering.—B. G. Ciugh* ills- 

cusses the application of the Dwight and Lloyd process of sintering 
fine materials. A plant for tho purpose is in operation at Birdslwro, 
Pennsylvania, and the results luive Iwn highly satisfactory. The 
finely divided material is intimately mixed with the amount of carbon 

1 Bulletin ofthe American /mtitute ef Mining Engineers, Wig, pp. 533-644. 
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required to produce the sinter. The mixture is then moistened and 
deposited in the machine in a uniform layer, the upper surface of 
which is ignited by a small flame af intense local heat, the combustion 
of the intermixed carbon being effected in a progressively downward 
direction by a current of air flowing in the same direction through the 
permeable mass. The character of the sinter products! depends wholly 
on the material, and is unaffected by the rate of sintering or of the 
velocity of the air current. Diagrams illustrative of the process art- 
given. Several thousands of tons of sinter have been produced nt the 
Hinlsboro plant and used in the blast-furnace, and the sinter lias 
shown itself a superior aud beneficial addition to the blast-furnace 
cluirge. Taking off the ore and putting on the sinter bos the same 
influence on the fuel consumption as would result from taking off 
entirtdy that amount of ore-burden. A. wider application of the pro¬ 
cess is now suggested, whereby a solution of the problem of the 
conservation of mineral resources may be obtained. When the process 
is conducted with a proper proportion of moisture, proper ignition, 
proper mixture and distribution on the machine, there should be 
practically no fines. The product, although sufficiently magnetic to 
ne attracted by an ordinary magnet, is not ns magnetic as the un¬ 
sin ten^l material. The agglomeration of the ore particles is due 
mainly to the formation of ferrous silicate, and to n smaller extent to 
tliat of a calcium silicate. 

Concentration of Iron Ore by Roasting—J. 0. Handy 1 and 
J. M. Knotc have carried out tests on the concentration and purifica¬ 
tion of iron ore high in silicon by roasting in a rotary kiln. The ore 
contained 4 01 per cent, of sulphur, and consisted of 32 0 per cent- of 
maguotite, 271 per cent, of Biderite, 7'5 per cent, of pyrites, 13'2 pec 
cent, of calcite, 10‘8 per cent, of magnesite, 2’5 per cent", of manganous 
oxide, an. I 6j3 per cent, of silica. ~ The results of the tests, with a 
rotary kflu, 70 feet long, similar to a cement kiln, show tlrnt rousting 
iu such u kiln fired with powdered coal will efficiently desulphurise iron 
ore high in sulphur. 

The r.wolts also indicate tlrnt the kiln should Ik? at least 125 feet 
long, so as to give a xone .TOfeet long at 1100°-1200 C., preceded by » 
soue 20 feet long at 900°-1100° C. V 

1 tf Indattrial amd Bafimttriag Oumiitrv, rol. (il. pp. TZ1-7»J. 
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Physical Properties of Refractory Materials. — F. A. J. 

Fitzgerald 1 summarises tlie results of eight years’ research work on 
the problem of obtaining suitable refractory materials. The materials 
on which investigations were carried out were alundum, crysfrolon 
(silicon carbide) obtained in two forma—crystalline and amorphous— 
magnesia, and lime. Alundum is made by purifying and fusing 
bauxite in an electric furnace, and is produced in two forms, white and 
brown, the former being the purer. White alundum has a melting- 
point between 2050° and 2100° C., and its linear coefficient, of expansion 
is 78 by 10 T . The heat conductivity is much higher than firebrick 
nnd the specific gravity is 3-9 to 4. Alundum bricks buve been made 
for furnnee roofs, and have withstood temperatures that destroy silica 
brick in fire or six hours. In steel furnaces, however, the results 
havo not realised the expectations held, and experiments have clearly 
shown thnt while alundum will successfully resist the temperature of 
the electric steel furnace roof, there are difficulties in the way of using 
it for that specific purpose, as the action of the lime vapours 
arising from the intensely heated basic slug used in the furnace is 
injurious. 

Cry stolon is a silicon carbide and its use was foreshadowed by 
Benjamin Talbot, who prepared it in an amorphous form, which is the 
first stage in the formation of crystalline silicon carbide. Silicon 
carbide in the form of carborundum has given satisfactory results for 
furnace linings, but amorphous silicon carbide is not a good heat 
insulator.and the crystalline-carbide, or crystolon, is abetter refractory 
material for many purposes. The coefficient of expansion by heat is 
much less than that of silica, and the heat conductivity is higher than 
that of alundum. Kxperimouts have been made in its use for the 
nxjfs of electric furnaces, in which crystolon brick was found to 
afford a perfectly satisfactory material. Its electric conductivity 
at high temperatures makes a special construction necessary, and 
although there is a considerable decrease in resistivity, with rise in 
temperature, the crystolon remains for most practical purposes an 
insulator. Crystolon bricks are somewhat expensive, but their 
moulding is a comparatively simple matter, and a satisfactory furnace 
has been designed for baking the brick. 

1 Aftta/Jtir^icaJ and CJumUal F.nfinttnnf, voJ. x. pp. 139-132. 



454 


THE IRON AND STEEL INDUSTRIES. 


Mague-ia. although an excellent refractory, has serious faults nn<l 
is liable to crack at high temperatures. Electrically calcined magnesia 
is, however, lesa liable to this defect and does not absorb carlton 
dioxide. 

Lime fused in the electric furnace has given interesting results and 
can withstand heating followed by sudden cooling. It resists exposure 
to moist air remarkably well und hydration proceeds very slowly, 
even when the material is boiled with water. 


The Fusibility and Volatilisation of Refractory Materials. — 

O. Huff 1 and O. tioecke imve made experiments, in an electrical resist- 
nnce furnace, on the fusibility and volatilisation of a mini tier of refrac¬ 
tory materials. A description of the apparatus employed, together 
with illustrations, is given. 

The fusion temperatures of the following substances were ascer¬ 
tained :— 


Uranium carbide 
Vanadium carbide . 
Iron protoxide . 

Iron stsquioxide 
Magnetic oxide 
Lime ... 
Alumina . . . 

Chromium tesquioxiile 
Uranium oxide . 
Zirconium oxide 


Degree* Centigrade. 
. 3-125 
. 2750 
. 1410 
. 154# 

. 1538 
. 1MB 
. 3030 
. 3053 
. 3176 
. 2500 


For metals the following figure- went obtained, the melting having 
boon effected in an atmosphere of nitrogen under a pressure of ulwut 
5 millimetres or in a vacuum :— 


Gold 

Manganese 
Chromium 
rtulinum . 
Molybdenum 
Tungsten . 


Degrees Centigrade. 
. . 1071 

. 1347 
• . 1614 

. 1750 
. . 3110 

. 2875 


In the course of the experiments the temperature of volatilisation of 
some of the substancr-s was ascertained. Thus alumina, which melt# 
at 2020 under atmospheric pressure, commences to give off vapour at 
1600 under n pressure of 6 millimetres of mercury and at 1750 c the 
vaporisation Incomes relatively rapid. A singular anomaly occurs in 
the case of lime. In an atmosphere of nitrogen and at atmospheric 
pressure, the crysta line needle, of pure oxide sublime even at a tern- 

1740 ^’ f"* um d< * 8 occur until a temperature 

of 1995° l# reached. On the other hand, under reduced pressure, 
fusion doe# not occur until 2400“ is reached. 


Flow of Heat through Refractory Walls—C. Hcring’ gives 
an exhaustive table of thermal resUtivities which can be employed 


1 Ztit,ckrift/mr angmamdt, Cktmit, »oL xxiv. pp. 1459-1 us 
* J Itlallurgual amj Lktmiail hnpKttr\K£, voL ix pp. 662-654 ; 


rot x. pp, 40-44- 
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to ascertain the flow of heat through bodies and from surfaces. Tn 
electric furnaces the economy of heat losses is of far greater import¬ 
ance than in fuel furnaces, on account of the greater initial cost of 
the energy, in fact, the cost of the energy is in many cases the 
criterion, hence a mere reduction of the losses may make the dif¬ 
ference between commercial success or failure. It therefore becomes 
important in such cases to be able to proportion and design the 
walls of the furnaces so as to reduce these losses to the minimum 
necessitated by the particular conditions. Tho subject is classified 
under the following heads:—(1) Solid to solid. (2) Solid to gas. 
(3) Metal to water. (4) Water to metal to water. (5) Water to 
metal to air. (6) Gns to metal. (7) Gas to metal to water. (8) Gas 
to metal to gas. A table of reduction factors is given for each 
description of flow. 

Fireclays. —Recent developments in the scientific study of the basis 
of a standard clay ore dealt with,* and the views of tho various in¬ 
vestigators of this subject are summarised. 

Firebricks —K. Endell 5 discusses the composition of diuas rock 
for the manufacture of firebricks. 

Expansion Of Firebricks. — The volume of firebricks has been 
found by J. M. Organ 9 to increase at the sane time and at about the 
same rate as the sealed pore volume increased, and the author arrives 
at the conclusion that the permanent expansion of firebricks is due 
to the formation of an impervious bleb structure by “ volatilising 
gases " in the glassy matrix farmed by fusion. 

Tests of Firebricks. — A. V. Bleininger * and G. II. Brown state 
that under a load of 50 lbs. per square inch, tho bricks Wing placed on 
end, no firebrick body can withstand a temperature of 1350° C. if the 
alkali equivalent be more than 0-225. Silica present in excess of the 
ratio Al 2 0„: 2SiO t , makes the alkali content more effective iu fluxing 
power. Thus with 4'4SiO ; failure under the load was brought about 
by 0-17 of alkali. Experiments at other pressures showed that most 
fire-bricks fail under 125 lbs. per square inch. Plastic clays are not 
necessarily detrimental if low in olknli. There is no relation la-tween 
the crushing strength of a firebrick at 1300° C. and at ordinary 
temperatures. 

Bauxite. —G. H. Ashley 5 deals with the method of occurrence of 
bauxite and the method of working the bauxite mines of Tennessee. 

1 Engiaetrinr, ml. xetti. pp. 140-141. 

a Stahl anJ Aura, to), ixiil pp. 352-3U7. 

* Transactions of the American Ceramic Society. (rot xm. pp. fi<KH5ll. 

* IM.. pp. 210-235. 

* Resour-et of Tennessee ; Mints and Minerals. voL xxxii pp. 41U 42ft 
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Dolomite.—o. Lincio 1 states that a ferriferous dolomite was found 
about 4500 metres from the Italian end of the Simplon Tunnel, and 
was deposited in association with calcite and other minerals. It has 
a density of 3*005 at 14-15*, and on analysis gave — 


Per Cent. 
Will 
13*94 
law 
+4*72 


CaO 

MjjO 

FeO 

CO, 


Total . 


. 1003d 


corresponding with the formula— 


SCaCO,. SMgCO,. FeCO, 


The mineral is crystalline, and contains many minute gaseous bubbles. 

Oraphite. . O. Arsom 5 proposes tliat the use of the term gra¬ 
phite ne restricted to that allotropic form of carbon having the specific 
gravity 2*25-2*20. The author carried out an investigation to deter¬ 
mine whether a pure form of carbon can be transformed into graphite 
by means of heat alone, or whether the conversion can be effected by 
adding, previous to heating, a Quantity of mineral matter insufficient 
to form carbides with the whole of the carbon. With all the pure 
forms of carbon tested, it was found that, at 3000° C„ the density 
reached a definite limit, which was not raised appreciably by the 
addition of small amounts of mineral matter, the end product being 
graphite in some cases and not in others. The impure carbons were 
found to behave in a similar manner, their properties after firing 
being characteristic for each variety and independent of the amount 
of ash present. 

F. Cirkel.* in dealing with the graphite deposits of Amherst, Quebec, 
describes the geological conditions existing, and the nature and extent 
of the deposits, lie also gives his views us to the method of their 
formation. 


Magnesite. -Kern* describes the occurrence and utilisation of 
magnesite, the existing literature on which is scanty and often inaccu¬ 
rate. Amorphous or dense magnesite is an almost pure carbonate of 
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localities, the market price of burnt magnesite at present averaging 
£4 to £5 per t.on. Other deposits of importance are at Kraubat in 
Styria, and at Frankenstein in Silesia, both of which formations occur 
as veins or pockets in the serpentine rock. The following are analyses 
of magnesite from these three best-known European localities:— 



Euboea. 

Frankenstein. 

Kraubat. ( 


i’rr Cent. 

Per Cent 

Per Cent 

Magnesia 

4711 

4785 

48 41 

Lime 

0 51 

••• 

... 

Alumina . 

010 


... 

Ferric oxide 

ovn 


... 

Carbon dioride 

51-77 

51 90 

50 87 

Silica . . . 1 

0-20 

trace 

021 


The temperature at which magnesite sinters depends upon the pro¬ 
portion of iron it contains. Magnesite with less than 2 per cent, of 
iron will withstand a temperature of 1600° to 1800“ C., whereas with 
2 to 7 per cent, of iron it will begin to sinter at 1400' C. On account 
of the high cost, amorphous magnesite is very rarely sintered be¬ 
fore use. 

Crystalline magnesite is of a white or grey colour, and its texture 
mriy be either finely or coarsely crystalline. It never contains the 
same proportion of magnesia as the amorphous magnesite, and always 
contains a proportion of iron sufficient to facilitate sintering, by which 
its preparation on a hu-ge scale is cheapened. The burnt product is 
sufficiently refractory where temperatures of 1500° to 2000° C. are not 
exceeded; hut in any case the ferric oxide in the raw magnesite should 
never exceed 8 per cent. Various types of shaft furnaces are used for 
the burning of crystalline magnesite, the commonest uutil lately being 
the Lezelius—named after its inventor. Recently chamber furnaces, 
fired with producer-gas, have been used, capable of a daily output of 
10 tuns. Thu consumption of coal is high, half a ton of brown coal of 
4000 calories being required for 1 ton of burnt magnesite. If the raw 
material is friable, as in some of the Hungarian works, rotating tube 
furnaces, similar to those for the production of Portland cement, are 
used. The type of furnace, in fact, is a very important point in the 
burning of magnesite. The method of the preparation of the product 
for use in the construction of metallurgical furnaces, and the qualities 
which serviceable magnesite should possess, are considered. 

Attention is drawn 1 to the fact that a revolving tulie furnace for 
the calcination of magnesium has been used for two years in Kyustyn, 
Hungary, with very satisfactory results. 

* SUM h* 4 t'iun, vol. xxxti. pp. 2& 26. 
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L — CALORIFIC VALUE. 

Calorimetry- —R. Rieke * bis made numerous tests on the melting- 
points of Scger cones 022-15, chiefly with regard to duration of firing 
and various types of kilns. Unlike metals and most chemical com¬ 
pounds, these cones bive no definite melting-point. The chief factor 
is the duration of firing, which may affect the ap|uirent melting-point 
by 60-100° C. If firing be prolonged, a cone will melt at a lower 
temjieraturH. Cones 012a-l are, however, on exception, as they melt 
with more difficulty in a slow fire. Although cones cannot be regarded 
ns accunite pyrometers for temperature measurement, the advan¬ 
tage they possess over optical and thermo-electric instruments in the 
burning of pottery is that they are affected by the time factor as well 
as by tlie actual temperature attained. 

A modification of the Rertheiot-Mahler calorimetric bomb has been 
designed by C. Fury,* whereby the calorific power can be read directlv 
from a millivoltmeter. The bomb is mounted in two discs of Con¬ 
stanta n, which connect it with the outer jacket of metal, the bomb 
thus becoming the hot junction and the jacket the cold junction of a 
thermo-electric circuit. 

M. Brown * describes methods of testing coul by mean6 of the Lewia- 
Thompson and Roland-Wild calorimeters. 

Pyrometry —Looonte* describes a new type of electrical pyro¬ 
meter, in which a number of rods of zirconium oxide or other rare 

l Sfmkiaal. vol. slir. pp. 726-729, 741-744. 

» IjmfUi Ken Jut. »uJ- dir. pp. 601 R9X 

» Pra.tical Engineer, rot air. pp, <3 +4. 

4 Brussels Scientific Society; Prattieal Engineer, vol. aliv. pp. S06-SU7. 
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earths are mounted in a quartz bulb between two blocks of the same 
oxides. In upright tubes fused on to the quartz bulb there is placed 
a copper, silver, or some metallic alloy huving a lower melting-poiut 
than the ternpen\ture to be observed. When the instrument is in use, 
these columns of metal melt and establish excellent electrical connec¬ 
tion between the bulb and that jiart of the pyrometer which can be 
water-cooled ; thence connection is by platinum or other suitable wires. 

A description has appeared 1 of the Thwing pyrometer, the operat¬ 
ing principle of which is the measurement of the total energy of radia¬ 
tion by means of the current generated in a sensitive thermo couple by 
the radiation concentrated upon it. A conical mirror is employed for 
concentrating the radiation, and, in fact, to do away with the loss of 
time required for focussing and eliminating the error due to inaccurate 
focussing. The instrument is especially adapted for measuring the 
temperatures in open-hearth furnaces, and the range of temperature 
is unlimited in either direction. 

In a lecture before the Sheffield branch of the British Foundry- 
men’s Association, 0. E. Foster 3 dwelt on the importance and value 
of inexpensive pyrometers for industrial use. 

(j. A. Shook 3 deals with radiation pyrometry and enunciates the 
laws of black body radiation. The total radiant energy emitted from 
a black body is proportional to the fourth power of the absolute 
temperature, or J = KT* when K is a constant. Equations are also 
given, showing the relation between the temperature and the 
logarithm of the energy. Such an equation may be applied to any 
pyrometer using monochromatic light in which the luminous intensity 
can be varied in a continuous and determinate manner. 

• 

Heat Value of Fuel. — J. G. A. Uhodin 4 deals with the determina¬ 
tion of the calorific value of fuel, and compares the results obtained 
by means of calorimetric determinations and ultimate analyses. 
Suggestions for the carrying out of calorimetric tests are giveu. 

Surface Combustion Experiments. —J- K C. Kershaw 4 de¬ 
scribes a new method of using gaseous fuel for beating and steam- 
raising purposes, based on the old discovery by Sir Humphry Ihivy, 
that under certain conditions a mixture of a combustible gas and air, 
when forced into contact with a heated porous and refractory material 
or metal, could be burned without the production of any flame, yet with 
t he maintenance of n very high temperature. W. A. Bone and C, D. 
McCourt have made experiments in this direction, and succeeded in 
obtaining fuel efficiencies equal to 95 per cent, of the actual heat value 
of the fued gas used. An illustrated description is given of a simple form 
of apparatus for applying surface combustion to heating purposes. A 

l Iron Age , vot Ixxxvui. p. 373. 

* Foundry Trade Journal, vul. xlv. pp. 14-15. 

* Metallurgical and Chemical engineering, vot x. pp. 238-3M0. 

* Engineer, vot cxiii. pp. 315-316. 

* Metallurgical oad Chemical Engineering, vol. ix. pp. 628-630. 
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feed-mixing chamber is provided, through which gas and air pass. 
The amount of air used is in slight excess of that required for complete 
combustion of the gas. The mixture is forced into the mixing chamber 
and through the diaphragm, at the surface of which combustion occurs. 
The success of the method depends on the prevention of “ backfiring " 
and the choice of a suitable refractory material. The gns-tnixturu 
hums without flame at the surface of the diaphragm, and maintains 
it in a high state of incandescence. Illustrations are given of the 
application of surface combustion to the heating of a muffle furnace 
and a crucible furnace. A charge of cast iron can be melted in one of 
these crucibles in ten minutes, storting with cold motid, the only 
temperature limit imposed being that of the melting- or decomposing- 
point of the refractory materials employed. Carborundum, which is 
widely used for furunce linings, and is considered highly refractory, is 
decomposed quickly into carbon dioxide and silica, in the interior of 
these furnaces, indicating that a temperature of 2000“ C. has been 
approached. 


Bone's Surface-combustion Boiler.— The experimental boiler 
used by W. A. Bone in his experiments on surface-combustion at 
Leeds University is describes] and illustrated. 1 Based upon these 
experiments, a boiler has been constructed for the Skiun ingrove Iron 
Company', which is also described. It is 10 feet diameter by 4 feet 
long, and contains 110 tabes of 3 inches diameter. It is fired with 
waste coke-oven gM drawn in by a fan producing suction equal to 
20 inches of water. The gases escape to the atmosphere without a 
chimney. 

A modification of the same steam generator is also illustrated 
and described.* With cool gas of u calorific value of 560 British 
thermal units per cubic foot, using 100 cubic feet per hour and air for 
complete combustion, and generating steam of 120 lbs. jier square inch 
pressure, the waste gases were 240° C., and when leaving the feed 
heater 95° C. The thermal efficiency of the boiler and heater exceeded 
92 per cent., reckoned on the net calorific value of the gas, and the 
rate of evaporation exceeded 21 lbs. per square foot of heating surface 
per hour. 


Utilisation of Low grade Fuel.— Bufcnr* and DobbeLtein have 
presented further reports on their investigation of the value of low- 
grade fuel, giving results obtained hv the gasifying of the small waste 
coke from coke-oven plants in gas-producers with stationary grates. 


Carbon Dioxide Recorders.—E. A. Uehling* describes a con¬ 
tinuous carbon dioxide and temperature recorder and its application 

l I'truer, voL hit. pp. 80-81. 
a Mechanical Enfinite, to!. rail. pp. 105-106. 
a illuckamf. Tol iItiiL pp. 1-15. 

4 1 'oper presented at the joint meeting of the American Chemical Society, the 
American Electrochemical Society, and the Society of Chemical Industry; AfeJalturvical 
and Chemical Engtnctnmf, »oL u. pp. 666-tiVJ. 081. 
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for the purpose of ascertaining the efficiency of combustion. A numiier 
of furmulo are given for determining the heat carried off by the flue 
gasp- The recorder consist.- of a curlmii dioxide and temperature 
measuring machine connected by a -moll copper tubing to n standard 
type l T eh ling pressure and vacuum recorder, properly calibrated for 
carlwu dioxide and temperature. 

E. Muller 1 describes an automatic arrangement for the measure¬ 
ment of the carbon dioxide in flue gases. The principle of the apparatus 
consists in measuring the amount of heat developed in the absorption 
of carbon dioxide bv potash liquor. The rise in temperature is ascer¬ 
tained by means of a thermo-electric couple. 

Measuring Flue Gas Temperatures.— A method has been 
devised for the rapid determination of the tern | tern tores of flue gases 
from boiler and other furnaces by means of pendants of fusible alloys 
of different compositions, which melt at different ranges of temperature 
when suspended in the flues, 4 

Measurement of Density of Smoke.—J. S. Owens 11 describes u 
new method of mensuriug the density of smoke by com|iariug the 
opacity of the smoke with that of calibrated smoked glasses. Smoke 
density is defined as the amount of soot per unit volume. By careful 
construction nn instrument can be made which gives a fair’ 1st sis of 
comparison with a standard density. 


II.— COAL 

Origin of Coal. --At a congress of German naturalists, Engler* 
pointed out the importance of the decaying processes in the formation 
ot TOnl and js'troleum, both being products of sulwtances which hud no 
sufficient supply of oxygen to decompose completely iutn volatile pro¬ 
ducts. Instead of such decomposition a pctrifuctiou took place, with 
the result that -mall quantities of volatile products were formed, while 
the hulk of the matter was left in the shape of coal and petroleum or 
bitumen, according to the nature of the original organic substance. 

•I. Sim, • in dealing with the geology of coal, discusses the ** in situ " 
and ••drift" theories of origin. 

Glockner ' has examined the brown-con! formations of the Southern 
Lumriu with the object of investigating their origin. The theories 
and researches of previous authors are quoted. 

' 7.titukrift Jn Verrints dtufetrr fnrninrt. voL 1». pp. 21fl» 2173. 

, Tradr JhvifW, voL xl.x. p. 794. 

nrfvrt tf tkt firililk Anvciatisn for tkt Advatcrmrnt at'S. inter. l'Jtl. p. ISO, 

: nt,»ir*m A'n ictv, vul. rrr. p. *U3. 

- ;iP CT . rMl t before the Scottish Federated Institute of Mlninc Studenii ; /nm aid 
«>1. lorir. pp. 36S-30U. 

Hratenke/Mt, January 19. 19X2, pp. CCl-tjCS, G77-GS5, G93-703, 709-712. 

1912.—i. 2u 
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P. K ruscli 1 discusses the geological conditions and origin of the 
coal-bed* near Btockheim, in Germany. From the fact that the coal 
deteriorates in a very marked degree as its depth increases, the 
conclusion is deduced that the deposits are of allochthonic origin. 

Geology Of CoaL —T. Coventry 1 deals with the peculiar geological 
conditions that exist at the mines of the Charley Coal Mines Pro¬ 
prietary. Ltd.. Queensland, Australia. 

A. A. Steel s describes the position, geology, and extent of the coal¬ 
fields of Arkansas. 

Composition of CoaL — C. Catlett 4 describes the occurrence 
of evansite ( A1 (1 1\,0 U 18Aq) in coal obtained from the Big Seam, 
Columbia, Alabama. An analysis of this substance showed it, to con¬ 
tain 10'33 per cent, of ph<»sphorie anhydride and 36'33 of alumina, 
with traces of silica and n considerable quantity of lime and magnesia. 
One form in which phosphorus occurs in coal is evidently as a hydrated 
phosphate of aluminium ; and any coal which shows the presence of 
a light-coloured resinous-looking material should be looked on with 
suspicion as being high in phosphorus. 

J. A. P. Crisfield 5 discusses the objectionable effect of moisture in 
coal and coke. Some kinds of coal absorb moisture more readily tbau 
others, experiments showing that the quantity of water removed from 
wet coal by evaporation during ten days' exposure in a normal atmos¬ 
phere of 70° F. amounted to 14'6 per cent, of weight of the coal in 
one cast;. The author describes a works apparatus for determining 
moisture in fuel in which a sample is dried at 230° F., and the water is 
recovered in the liquid form and measured. One pound of the coal or 
coke is weighed into a jacketed tube provided with a screw-plug at each 
end, and steam under a definite pressure (corresponding to the tempera¬ 
ture it is desired to use, preferably 230° F.) is passed through the jacket. 
The water vapour expelled from the coal or coke passes over and is con- 
densed in a graduated glass tube surrounded by a cooling jacket; the 
graduations are so arranged that, they can be read off directly. Deter¬ 
minations made with samples of dried coke to which definite quantities 
of water were added showed that the upjtaiatns gives concordant 
results which are 0’13 per cent, lower than the true values. The 
apparatus can also be used for the determination of moisture in ores, 
and of water and light oils in tor. 

F. F. Grout 0 discusses the relation of texture to the composition of 
cool, giving field notes and analyses of seven .samples. 

W. 1). Ilornaday 7 discusses the composition of the cools and lijniitos 
of Texas. 

» Glnekanf. voL xlrii. pp. lSKVlfiOO. 

* Mines and Mineral!, vot mil pp. 273-275. * tUd. , pp, 205-207. 

• Bulletin of the America* /intitule of Mining Engineer,. 1911, p. 901. 

* Journal of the Franklin Institute, voL dtxu. pp. 495 502. 

« Economic Geology. Au#uit 1 til 1. 

• Mininf and Engineering World. toL xxxv. pp. 970-971. 
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Coal in Austria. — Panek 1 continues his description of the coal 
region of Kos>itr-ZbcHohaiiOlnwn nnd of the development work that 
has already been carried out. Various collieries are now actively at 
work in these coal-fields. The district is also described by F. Franz. 4 


Coal in Bulgaria. —The coal deposits of Bulgaria are described by 
A. Blaxy.® Tin* cool field exists in the Balkans at (iabrova, which is 
worked by a Belgian Society. The coal-field will shortly be linked up 
by rail to the main railway system. An analysis of coal from the 
principal seam at these mines shows the following composition :— 

Per Cent. 


Fixed carbon . ,.58H 

Volatile matter.2035 

Moisture . .|f 

Ash.Oil 


The calorific value is 01106. The annual production from Bulgarian 
mines was returned in 1910 at 200,000 tons. Most of the cools are of 
a “tertiary lignite origin. 


Coal in Prance. —C. Barrois * deals wit h the region of the coal 
deposits in the Nord conl-fiold, and describes the geological conditions 
which have led to the deposition of the seams. 


S Coal in Germany. —G. Fliegel 5 describes the geology of the 
ne and, in particular, that of the Cologue region, with special 
rence to the occurrence of lignite. A tuup is given of the 
cipul faults, and the tectonic movements of the field are deduced 

therefrom. 

Kukuk* deals in a similar manner with the lower Rhenish coal¬ 
field and the V\ estphaliun coal-field ; while W. Wunstorf * deals with 
the productive coal-fields of the same region and of tiro Meuse. 


Coal in Servia. —A. Bhuy* gives an account of the iron ore 
resources of Servia.. On the hanks of the Danube, and opposite to the 
Drenkova mines in Hungary, are the Dobra mines, where three coal- 
seams are worked by a Belgian Company. The composition of the 

coal is as follows;— 


Per Cent. 

Carbon.77-58 

Hydrogen.4'tl 

Oxygen and nitrogen ..... 12-28 

Moisture ........ 2-05 

Ash.2158 


n f %‘ , f rTr,r kin he /.athknft, voL lx. pp. 35-57. 50-52. 

» ML, pv 57-00, 75-70. 

-Wwiiu ft Camttr Rtniu it la SecUU its Ingrniturt Civic it Franct, 1911, 
I' PPL 222-2-38. 

.. 1*1“^ trad licfore the International Congress of Mining, Metallurgy, Applied 
Mechanics, and Practical Geology. Dusreldcef; Bulletin it U Saci/tf it f/nJnilrir 
■''•'•trait. Series IV. vol. xv. pp. 281-282. 

‘ IhJ,. p,,. -.Tiv-ra. « /hi.. pp. 272-273. * /^i., pp 27r,-2sn. 

Alt maim ti Cam fit Renin it la SacUUitc login lean Civile it Franct, 1911, Part 1. 
PP- 317-222 
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The calorific value is 7000 calories, and the coke yields M'Si per cent, 
of coke. On the line from Belgrade to Xu eh the Cenjo mines occur. 
Here the deposit* are of brown-coal intermediate between ordinary 
coal and lignite. The deposits are of interest geologically, and the 
composition of the coal is as follows :— 


Pm Cent. 

Carbon .S8'1J 

Hydrogen.3T8 

Oxygen and nitrogen ..... 20T3 

Muisture. . 13’92 

Aih ..... . .... TsC, 


The coke yield is 46’88 per cent, and the calorific value 4910 calories. 
Another important coal-field is that of Nichava, which is worker! by a 
French Company. The coal is somewhat high in ash. 1V85 per cent-, 
and' the carbon amounts to 58-4 per cent. It has a coke yield of 
48 - 88 per cent., and the calorific value of coul when dry i* 5460 
calories Other deposits exist in the Timok Yulley and at Zajecar. 
The output of coal from Servian mines in 1908 amounted to 293,125 
tons, of which 179,098 tons were brown-coal. 

Coal in Turkey. —Particulars are given * regarding the coal 
deposits in Turkey. The principal coal-fields are on the southern 
Black Sea coast., about 130 miles distant from Constantinople, and 
extend from Hemclea on the west to Filios on the east, a coast-line of 
about forty miles. These coal-fields are civil-list property, permission 
to work them being given only to Ottoman subjects. The most 
important of the mines is worked by the Heraclea Coal Company. 
Besides this well-known coal-field there are known to exist in 
Turkey several other deposits of importance, which have never been 
worked owing to lack of transport facilities. 

Coal in Burma. — M. Stuart 1 describes the geology of the Ilonzndn 
district of Burma. Coal occurs in the basal sandstone series of the 
eastern region. It is seen in outcrops, and the seam has been much 
shifted and affected by tbe faulting which ha* token place in this 
region. The chief outcrops are at. Ponugyi, Kywezin, Hlemuuk, and 
Kyibin. The Posugyi seam varies from 20 inches to 6 inches in 
thickness. Owing to the thinness of the seam, tbe steepness of its 
dip, and the contortion of the surrounding rocks, tbe occurrence does 
not appear to be of any economic value. The Kywezin ontemp is by 
far the most promising in the district. The coal crops out in the 
Xipasi stream, some six miles fmm Kywezin, nnd is also met with In 
the Theye stream, just to the north of the Nipaa stream. The seam 
appears to lm about 10 feet in total thickness. The difficulties of 
working the coal aie many. The coal itself is much slickensided. and 
lias evidently been subjected to much crushing and movement, which is 
the probable explanation of the high percentage of fixed carbon that it 
contains. The country in which the seam occurs is much contorted 

• Hoard *f Trade Journal, vol. txxv. pp. 224 22ft. 

s Knerdi ef the Geological Surrey of India, vol. xli. pp. 2-40 2G5. 
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and composed of exceedingly hurl rock, often indurated with silica, 
itud consequently the cost of sinking a shaft would be considerable. 
The seam in the Hlemauk outcrop is only ‘20 inches in thickness, and 
the coal is of very poor quality. It contains a very large percentage 
of iron pyrites. North of the village of Kyibin is a thin hand of im¬ 
pure carbonaceous shale, which appears to he the same seam which 
crops out at Hlemauk, but, if so, it is here very much mure impure and 
is quite worthless. 

Coal in China- —T. T. Head * discusses the coal resources of 
( Lina. A conservative estimate of the present production is 
13,Out),000 tons annually, notwithstanding that the resources are 
capable of enormous development. Analyses are-given of coals from 
busluin in the Manchurian coal-field, where the intimated resources 
are given as 800,000,000 tou-. and of coals from Chili, where the 
production in 1909 amounted to 2,090,000 tons. Valuable coal-beds, 
estimated to contain over 22,000,000 tons per square mile of workable 
area, occur in Shnnsi. Both bituminous and semi-anthrucite coal exist 
in thus province, the coals being of high grade and, us shown by the 
analyses, low in ash and high in fixed carbon. A bibliography relating 
to the occurrence and mining of coal in China is given. 

Coal in India. —According to E, H. 1’ascoe, 3 seams of coni of 
some importance have been discovered in the Namchik Valiev, Upper 
Assam. The locality is three days’ journey by boat up the Diking 
river ^from Margheritn. The seams were found in a small tributary of 
the Nnmchik about half a mile above its mouth. About 60 feet of 
coal is ex|seed here in five groups of seams. The cool is of excellent 
quality, aud probably corresponds in horizon to that at Mnrgkerita 
and Ledo, which it resembles. The strata evidently belong to the 
1 ertiarv “ Coal Measures" of Assam. The total thickness of coal is 
60 feet, of which 5 to 6 feet is of poor quality, all of this occurring 
within a thickness of about 360 feet of strata. 


C04l in Malay States. —In a report* on the mineral industry of 
the rederated Malay States it is stated that coal has been discovered 
in the bed of a small stream in the state of Selangor. The results of 
operations show that the seam extend- for more than half a mile. 
Several analyses have been mode of the coal, and the tests show that 
it lias a high percentage of moisture, n low percentage of fixed carbon, 
and a low percentage of ash. 


Coal in the Philippines. — w. I). Smith* reports on the coal 
resources of the Philippine Islands. The geological structure of 
these islands is such as to introduce mnny difficulties into the prufit- 

1 Hullttin of ikt Amtritan /ftjft'Mf of Mining Hnginttri, 1012. pp. 210 513. 

Itteardi of ikt Gtvlogi.a! Surity of Indio, rot xii. pp. 211 316. 

Iron and Coal 'Tradti Rtittlr. vol. Ixxxiil. p. Hofi. 

4 Huron of Science, Manila; Iron and Leal Tradti A‘ecitte. voL luxiv. p. 3. 
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able exploitation of the coal-fields. Everywhere the strata are folded 
and faulted, and in many places shattered by earthquakes. Land¬ 
slides are of frequent occurrence, because of steep slopes and excessive 
rainfall. The roofs of the seams are rarely found to be firm enough 
to stand without timbering. The geology is similar in many respects 
to that of the neighbouring islands of Formosa, Borneo, Java, and 
Japan. 


Coal in Nigeria — It is stated 1 that a further examination hits 
been mado of the exteusive coal deposits at Udi in Southern Nigeria, 
which are found to stretch more than fifty miles to the north of that 
place. The tests carried out by the Government and the analyses at 
the Imperial Institute have proved that the surface samples give 
results equal to two-thirds those of the best Welsh coal. The lignite 
deposits to the west of the Niger ure also very valuable, and those at 
Okpaimm, only ten miles from Asa bn, the Niger port opposite Onitsha, 
vary from 15 to 20 feet in thickness. 


Coal in the Transvaal —j F. K. Brown s describes the coal-field 
of the Transvaal. The two main coul fields at present being exploited 
in South Africa are in the Transvaal and in Natal. There is, how¬ 
ever, a third relatively important district in Cape Colony called the 
Stormberg coal-field, but the quality of the coal nnd the working 
conditions are such as to preclude all idea of Stormberg becoming the 
centre of an important cool district. All three coal fields ore in what 
is known in South African geology as the Karroo system, which, 
although it is taken as corresponding approximately to the Carboni¬ 
ferous system of British geologists, is slightly younger in age. Permo- 
Carboniferous is the correct designation. In the Transvaal coal-field, 
as it is at present developed, two main districts are being worked, 
namely, the Springs, thirty miles from Johannesburg, and the Witbank, 
or Middelburg, eighty miles from Johannesburg. Witbank is the 
centre of the Middelburg district, and in nnd around this town there 
are situated about nine of the largest collieries in the Transvaal. 
Only one main seam of coal is worked, although four fairly workable 
seams are known to exist. No evidence has yet been collected suffi¬ 
cient to onnble any correlation of the strata to be made between the 
different points where the existence of seams has been proved. 
Therefore, although the seams worked j n the Transvaal vary from 
20 feet around Witbank to 6 or 7 feet, or even less, in other districts, 
it is not possible to say how these different workings are relate*! to 
each other, miles of country in many cases lying Isstweeu them. The 
results of the analysis of the Transvaal coals go to show that in quality 
they do not approach the fuels produced in the British coal fields ; tbev 
are lower in heating power ami higher in ash content. A number of 


• Heard ef TntJt /anrnal. voi- Inv. p. 002 
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average analyses ore given below, taken from figures obtained on the 
ground:— 



Fixed 

Carbon. 

Volatile 

Matters. 

Ash. 

Moisture. 

Sulphur. 

Calorific 

Value. 

1 

Per Cent 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

64■70 

23 4ft 

906 

1 78 

<J-ftO 

12 46 

‘i 

50'Oft 

80-02 

1010 

1-80 

1-38- 

1210 

3 

6372 

23 46 

1HW 

174 

070 

12-33 

4 

68-18 

28-28 

9iW 

1-60 

075 

12 40 

5 

50-60 

3375 

14 62 

2-23 

070 

1312 


Coal in Canada J. McKvoy 1 describes the c«tl deposits in the 
Brule Luke region of Alberta. They ure situated on the east side of 
Bride I-nke, on the main line of the Grand Trunk Pacific Railway, 
about 197 miles distant westward from Edmonton. Two claims have 
been staked, tho Round claim containing 2560 acres and the Drinnan 
claim about 2500 acres. The total available coal within a depth of 
2000 feet in the Rouud claim is estimated at 1 tj j million toils. No 
particulars are available of the quantity of coal on the Dr innan claim 
as the surface-covering is very deep and tho coal does not outcrop. 
Analyse- show the coal to be a very high-grade bituminous one, but 
with suflicieut volatile matter to make it burn freely, aud it is parti¬ 
cularly well suited for locomotive and general steam use. 

G. S. M.dlnch - furnishes the following notes on the new coal-field 
at Groundhog Basin, Skoena County, British Columbia. The coal- 
measures, go far as known, have u north-westward extent of at least 
seventy miles and u width at the southern end of thirty miles. The sedi¬ 
ments have a thickness of upwards of 3004) feet, but contain cool in 
commercial quantities near the top aud bottom only, though there are 
a few thin seams in the intermediate Iteds. The upper horizon con¬ 
tains seven seams with thicknesses varying from 2 to 6 feet, and, so 
. j* r “ known, is limited to an area of twenty square miles. The lower 
horizon contains at least three seams 4 to 6 feet thick, and extends 
over roost of the area occupied by the coal-measures. This coal is 
anthracitic iu character. .Some of the seams are high in ash, but 
from one of them some excellent unulyses have been obtained. The 
basin is faulted considerably, and there are numerous local flexures 
associated with the faults. 

_ R. R lledley 1 describes the Copper River coal-field in the Skeena 
district of ltritish Columbia. 

Coal in the United States. — W. W. Atwood 4 describes the cool 
resources of the Alaska peninsula. The best-known outcrops iu the 

1 Canadian Minim g Journal. voL xxxiii. pp. 155-158. 
s Tmmaetiimt of Mr CaaaJian Miming Inititute, voL xv. Part t. 
i ' Address before the Western Branch of the Canadian Mining Institute, February 15, 
IU12; Canadian Mining Journal, voL xxxiii. pp. 207-208. 

4 United Slain Geological Snr-.ey, Bulletin No 407. pp. 96-120. 
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Herendeen coal-field are near the head of Coal Valley and in the 
valley of Mine Creek. Coal is also exposed near the head of the next 
valley east of Coal Valley and at several places about tho margin of 
the volcanic luff* farther east, while still other outcrops have been 
reported in tributaries of Lawrence Creek. The main coal-measures 
outcrop ou the east shore of Herendeen Bay. about five miles north of 
Mine Harbour, iu a locality known as Coal Bluff. Two beds of 
lignite have been found ou the north const of the coal-bearing 
peninsula, about nine miles east of Point Divide, and several other seams 
of lignite are exposed on the west shore of Herendeen Bay. In the 
Chignik coal field the formation that contains the bituminous coal is of 
Upper Cretaceous age. The developed fields are at Chiguik River, 
Whalers Creek, Thompson River, and north-west of Hook Bay. At 
Cool Harbour the coal-measures are of Eocene nge, and are a portion 
of the Kenai formation. All the coal seen in this field is lignite in 
character, and though seams are numerous most of them are too thin 
to be of commercial value. 

W. L. Fisher 1 records his observations on the Alaskan coal-field 
mode on the occasion of an extensive journey through that territory. 
The coal is of great vnlue, but its extent and character have been 
exaggerated Much lignite and low-grade bituminous cool exists, but 
there are only two known fields of high-grade coal iu Alaska—the 
Bering River field and the Matauuska. There is at present no 
available anthracite on the Pacific Coast except tlmt of Alaska, so 
that an immediate demand might he anticipated for this kind of coal. 
The Matanuska coal-field has an area of seventy-four square miles, hut 
its situation handicaps its development owing to the want of adequate 
transportation from tide-water to the Yukon. 

S. R. Capps 8 describes the coul deposits of the Bonnifield region of 
Alaska. 

J. B. Dilworth* give* an account of the Black Mountain district in 
South east Kentucky. The area of the coal-field is approximately twenty 
miles long by eight miles broad, and its distance from the great Indus 
trial centres of the Atlantic sea-bo«rd aud the Mississippi Valley, and 
its lack of rail and river transport, have prevented its resources from 
being practically developed. A description of the various beds is given. 
Chemically, the coals of the Black Mountain district are verv pure, 
and are useful as gas and coking fuel*. Analyses show them to eon 
tain from 36 00 to 39 19 per cent, of volatile matter with 53 4 to 
58-92 per cent, of fixed carbon. The ash varies, being iu some of tho 
coals a» low as 2 29. but rising in some of the eastern varieties to as 
high as 10*21. The sulphur varies from 0-65 to 127, hut with wash¬ 
ing this could be considerably reduced. Calorimeter tests of carefully- 
selected samples from the best bed.* show about 14,000 British 
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thermal unit* per lb. of ml. Physically, the orals are hard, lumpy, 
and of the block type. 

A. B. Iteagan 1 describes the cool resources of the Jemer- 
Albuquerqno region in New Mexico. 

B. W. Shaw 1 describes the goology of the coal deposits of the Fox- 
burg Quadrangle, Pennsylvania. Most of the coal-beds belong to the 
Allegheny formation. Ail estimate of the average thickness of coal 
in this regiou indicates that no le**-* than one-fourteenth of the total 
volume of the formation consists of cuul. Four beds are known to be 
workable over considerable areas. These are the Lower Clarion, 
Luwcr Kittanning, Lower Freeport, and Upper Freeport On the 
whole the coals are of good quality, but partly on account of sulphur 
and other impurities they are of little value for coking purposes. 

E. E. Smith * investigates the diameter, quality, and relat ive 
values of the cools of the State of Washiugton. 

Coal in Australia -L C. Ball * 1ms published a map and a 
detailed description of the Mount Mulligan coal-field in Queensland, 
its geology, deposits, und development. 

Peat — C. A. Davis* estimates that there are 11.200 square miles 
of pout-beds in the United States which contain 13,000 million tons 
of workable peat. The author refers to previous attempts to utilise 
these peat deposits, and gives particulars of the experimental work 
of the Canadian Department of Mines, and of the latest methods 
employed in Canada for the economical development of the pent 
deposits in that country. The preparation of peat for the production 
of peat-gas is considered, and it i* stated that with pent delivered at 
the producer at 8s. 6d. per ton, a horse power year costs about 3ls. Od. 

A description is given * of the Strenge machine for the cutting, 
mixing, pressing, and spreading of peut. 


III. — CHARCOAL. 

By product Recovery in the Distillation of Wood.— H. Berg¬ 
strom * discusses the method of recovering tar, turpentine, acetic acid, 
and volatile* oils, in the process of the manufacture of charcoal. 

Spontaneous Combustion of Charcoal —An interesting account 
i# given * of the results of experiments made to ascertain the suscepti- 

1 Mining aud Engineering H'urld, vol. »«*i. p. 23. 

* United Staff i Geological Sarny. Bulletin No. 454. pp. 40-66. * IHd., No. 474. 

* Qureiuiand Gutnmment Mining faunal, August ifi, 1911. 

* United State j Bureau of Minei. Bulletin No. Ifi; Power, voL xrxiv. cp. 915-917. 

* Genie Civil, vol. lx. p. 94. 

1 I'armlindlia Berrimauafomingeni Annaler, 1911. pp. 93-100; Stakl und Bum, 
vol. xxxii. p. 540. 

* Xational Physical Laboratory. Annual Report fur 1911, p. 80. 
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bility of charcoal to undergo spontaneous combustion. In these 
experiments 1 cubic foot of charcoal was exposed in an electrically- 
heated oven to temperatures which were kept constant within 1° C. 
by means of thermo-couples. An air space of about 3 inches was 
provided all round the charcoal, and the observations wero made 
both with the oven kept tightly closed and with the charcoal exposed 
to air currents of regulated velocity. It was found that when flake 
charcoal was heated in currents of air varying from 5 to 62 cubic feet 
per minute for 1 cubic foot of charcoal, ignition occurred at tempera¬ 
tures of 96° to 110° C., but that at lower temperatures there were no 
indications of spontaneous heating. Exposure of the chnreual to a 
current of air containing 5 per cent of sulphur dioxide caused 
spontaneous ignition to take place in the course of a few hours. 


rv. — COKE. 


Chemistry of Coke. In a contribution to the chemistry of coke, 
\Y. llempel and F. I.ierg show that coke contains filicides, which 
account for its hardness, and they also suggest that the presence of 
finely divided silica Irns much to do with the formation of coke: the 
silica being reduced, with formation of carborundum and ferro-silicon. 
It is also shown tbut part of the silicon in coke is combined with 
iron or carbon. The determination of nitrogen bv burning the coke 
in a current of oxygen, and then analysing the mixture of oxvgen. 
carbon dioxide, and nitrogen formed, yielded higher results'than 
Ejeldahl s method, in some cases double the amount of nitrogen being 
found. Inorganic constituents play an important part in the forma 
tiou of coke, and it should therefore be nossihle. bv uUis> «..irable 
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Coke Manufacture.— j. L- Sherrick 1 deals at length with the 
manufacture of bee-hive oven coke, and gives tables showing the 
analyses of cool and the resultant coke, and the chemical require¬ 
ments for the various kinds of coke. 

C. Still : discusses modern coking practice, including the treatment 
of coke-oven gases for the recovery of by-products, tbe constitution of 
the gases, and their value as a source of power and lighting. 

B. J. Goodin* discusses the characteristics of the coke made in 
the Pittsburg district, the types of ovens used, their design, and 
methods of operation. 

By-product Coke-Ovens —A description is given 4 of the coking 
and by-product plant at the Dirley Collieries, .Sheffield. Tho ovens 
are of the latest Semet-Solvay type. There are fifty ovens in oj>era- 
tion, arranged in two batteries, and eight additional ovens in course 
of construction. The by-produet plant provides for the recovery of tar 
and ammonia, but is now being altered to the direct-recovery .'j stem. 

Wagner 6 describes modern coke-oven installations with by-product 
recovery, making special reference to the indirect process for the re¬ 
covery of ammonia and tar. 

An illustrated description is given * of the Simon-Carves by-product 
direct-recovery process. 

The recovery of lien/.eue from coke-oven gases is dealt with,” and a 
review of the industry is given together with a description of the 
apparatus used. 

By product Coke-oven Practice. — II. Clillon* describes the 
precautions necessary in starting and stopping by-product cuke 
furnaces. The drying and heating up of a battery of by-product 
coke-ovens is a delicate operation, and requires to be carried oat in 
a gradual and uniform manner in order to avoid cracking of tbe bricks 
and of the joints. The best method of lighting up, charging, and 
working the coke-ovens is described. In shutting down, circum¬ 
stances have been taken into consideration os regards the length of 
the stoppage contemplated, and every precaution must be taken to 
avoid the entry of air, with the resulting risk of explosion when re¬ 
commencing work. Special precautions are also indicated when it is 
required to let the whole installation out. 

Coke-oven Accessories. —A description* has appeared of a com¬ 
bined coke pusher and leveller, recently put into operation at the 

1 /ns Tra.it Ursine, vot L pp. 

8 Gtkikam/, vol. ilviu pp. IM1M51T. 1&4U1668. 1600-1008 

1 Pteper rrad before the Pittsburgh Foundry men's Association. December 4, 1911; 
ifyn Trad* A 'nurur, vol. xlix. pp. 1051-1062- 

4 from amd Com! Trades Review, voJ. Lexxtv. pp. 48-49. 

8 Hergbau. January 11. 1912. pp- 13-18, 4&-4S. 

* frvn and Coal Trades Review, vol, lmit, pp. 98-99. 

7 Che mieal Engineer, vol. xiv. p. 448. 

■ Revue Universe lie des Mints, Series IV. voL xxxviii. pp. 106 110. 

8 frv* Trade Review, vol. L p. 390. 
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TfliuiMHW Cool, Iron* and Railroad Company’s coke-oven plant at 
Cory, Alalittnia. 

A description ii given * of the electrical equipment of the Hoppers 
by-product coke-oven installation at Gary, Indiana. 


Coke oven GaB for Heating Open hearth Furnaces —A. P. 

-Scott* describee the use of coke-oven gases for beating open-hearth 
furnaces. Recent work in this direction is reviewed, and the results 
obtained at Kattowitr, Huliertushiitte, Seraing, and Sydney, British 
Columbia, are criticised. Most of the evidence serves to show that the 
most economical method for the disposal of the surplus gas of the 
by-product coke-oven is to utilise it as a fuel in the open-hearth 
furnace, and it has been Hhown to be perfectly practicable to use the 
gas either done or mixed with producer gas. The furnace tonnage is 
increased, and the furnace life is not materially impaired. Recorded 
experience in this direction seems to he confined to Kattowits and 
Seraing. It is unfortunate that the method employed at Huber¬ 
ts dm tte for introducing the oven gas into the furm.ee has not been 
described, hut it is understood that the mixing of the two gases is re¬ 
garded as essential fro... the point of view of safety, the producer gas 
be.ng lighted first and the oven gas introduced subsequently into tlm 
current of producer gas Against these two successes must he placod 
the failure recorded at the works of the Dominion Iron A Steel Com¬ 
pany at Sydney, the causes of which are discussed. 

O. SimmersUich ’ deals with the utilisation of coke-oven gas or a 
nurture of this and blast-furnace gases in the open-heurth furnace 
during the production of steel. It is claimed that- 

(u) A higher working temperature is produced, and hence a greater 

(6) More uniform combustion obtains, which means less waste of 
gaseous fuel. 

(e) There is no need for a producer plant. 

(<l) Fewer repairs an. need.d for the furnace top 

(') The 0 °ko-oven gas is much cheaper tlian producer gas. 


V —LIQUID FUEL. 

Origin of PetTOleiim. -E. Ooste* points out some of the "colo-dcal 

t 
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organism? from which no petroleum could possibly at any time be 
produced ; and, on the .other hand, petroleums us a general rule are 
not associated with fossils, which are found everywhere and in strata 
of every age absolutely devoid of petroleum (except in very rare cases 
of subsequent infiltration and replacement). 

W. Ipatiew 1 has repeated Cloet’s experiments* with a view to 
throwing light on the mechanism of the formation of petroleum, and 
has investigated the products of the action of dilute hydrochloric acid 
on various kinds of cost iron. It is found that, in addition to hydro¬ 
gen, the gases contain a considerable amount of saturated hydrocarbons, 
hut only a small quantity of olefines. No saturated open-chain hydro¬ 
carbons are contained in the liquid products, but, only ethylene 
hyilrocarbons and tho higher fractions contain small amounts of what 
are probably polymetbylene hydrocarbons. The author inclines to the 
theory of the formation of petroleum according to the organic as 
oppose 1 to tho mineral hypothesis. 

C. Kngler 3 extends his theory of the formation of petroleum from 
organic remains, and refers to the results of his recent work in con¬ 
junction with Roiitalii and llnlmni regarding the formation of the 
different types of natural petroleum from a common source. 

Hirschi 4 considers that the hydrocarbon substances in the earth 
are derived from marine fauna which at some period were totally 
destroyed by the sudden eruption of gases due to submarine volcanic 
action. 

C. L. lireger 6 discusses the various theories put forward with regard 
to the origin of petroleum. 

Composition of Petroleum. —M. A. Bakusin 0 gives results 
obtained by fractionated distillation, showing the comparative com¬ 
position of corresponding classes of oil from different localities. 

I. C. Allen ' and \V. A. Jacobs give in a series of tables the results 
of the analysis of a large number of samples of petroleum from 
different oil-fields in the San Joaquin Valley, California. 

Oil-shale in Yorkshire. —According to J. B. Cohen 8 and C. P. 
Finn, analyses of u dark-brown semi solid material obtained from the 
Haigh Moor seam of the Hemsworth Collieries showed that the sub¬ 
stance consisted of a mixture of liquid and solid jiarntRns. 

Petroleum in Austria. —It Is stated * that the petroleum deposits 
of the Hloboda Kungorsko district of Galiciu are contain'd in deep 

1 Journal fkr fraitiseko Ckrmu. voL lxxxir. pp. 800-808. 

* Ccmptri Rendu:, toL Ixxviii. n. 1566. 

3 Pettvlr urn. VoL rii. pp. 399-403. 

4 Petroleum (Berlin). October IB, 1911. pp. 02-03. 

n Mining and Enxinrerinf World, roL xxxv. pp. 1219 1221, 1321-13-1. 

* Petroleum (Berlin), December30. 1911. fp. 2H8-S<9 

’ Department of Ih- Interior; Barren ./Hints. U.S.A.. BnlltUn No. 19, pp. 140. 

* Journal of the Society ef Chtmi.al Injmstry, vol xxxl pp. 12-H. 

’ Petroleum Review, trot xxv. p. 393. 
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layers of coarse-grained sandstone up to 100 feet in thickness, which 
envelope a saddle-shaped Vmse formed mainly of red schists of 
Eocene period. All geological indications at Sloboda point to a rich 
second petroleum stratum at a lower depth. 

Petroleum in Russia.— P. Stevens » and A. K. II. M'DonelP 

describe the development of the mineral oil industry of the Caucasus. 


Petroleum in Burma. —M. Stuart 2 revi.-ws the different series of 
rocks which crop out in the Heniada district of Burma from the point 
of view of their oil-bearing possibilities. 


Petroleum in China.— Engler 4 and Hoeirer describe tho petro¬ 
leum districts in China. Oil i. found in the province of Kan-su, at 
the base of the Nansehung mountains, an.l in the province of Schen-Si, 

about 100 miles south-west from the missionary station I [sia. .-techno 

and the town of Ning-tiao-ling. Sources of salt, water, gas. and 
petroleum have been known for a long time in the central part of the 
province of Sx-Tech wan, and it is reported th.it oil of an excellent 
quality is found at hu-toclmn-fu, on the River Min-ho. 


Petroleum in India.-C. E. Capita* describes the oil-wells of 
Assam. The hrot recorded discovery of petroleum in the Assam 
> alley was made in lH.o and borings were made in 1865 but were 
subsequently abandoned. By the construction of the Assam Railway 
trod lruding Companys line through the district in 1882 a fresh 
im,H tus was given to enterprise, and in 1888 an outcrop of oil was 
discovered at Ihgboi, eight miles north of the Bun Dehing, in the 
Tippam range, h.nce 1888 thirty wells have been sunk in 7Ids area 
to depth, varying from nOO to 2300 feet, and it is uni,,ue that although 

SSLJmL WrfSh h" 1 " W *'"* W, llg is ? et -^‘“usted. After 
P • V8 T 1 f, ' H, . Ur ‘'* an<1 «“****» formation of the 
d.Hfanet. the author pr.cee.ls to g,ve a full account of the method of 

ISJlT f’.l 16 dlfficuI, "; ! •'fcountcreil in boring loose strata 
an sand, and of the means employed for raising the oil. The chief 
trouble m working the wells is that, on account of the high per¬ 
centage of paraffin in the ad, the wells paraffin up, and the Ld not 
having u free outlet collects Mow th*» a _ . f 

Oil. The paraffin has to la, c W ^l out whf i :" 

long and tedious operation. Wlth a "“‘d-pump, which is a 


Petroleum in Canada —H w t » vr„„„ . . , . 

deposit, of oil-shale have »*«. traecd at D*r Lake,'In Newf '‘undlLd. 
« Board #/ Trait Uarnal, vol. L. p. dlIXV ' 


Kevins, id. nr. p. 308* 
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for a distance of thirty miles. Analyses show that the shale contains 
a high percentage of oil. 

Petroleum in the United States. —W. \V. Atwood 1 describe* the 
petroleum resources of the Alaska peninsula. Petroleum is known 
to occur in the vicinity of Cold Bay, on the east side of the peninsula, 
near the southern entrance to Shelikof Strait. Some drilling lius 
hi'en done, but it his not proved cither the presence or the absence of 
oil of a commercial quality. It appears, however, that the geological 
data at hand wiimnt the continuation of investigations. 

The progress of the Californian oil industry is described by M. L. 
Keoua. 3 A new and important nil-held has been opened nut at 
Midway. This field 1ms produced the famous Like View gusher, 
which is credited with a total production of over H,000,000 barrels. 
The estimated production in 1910 of the Californian fields was 
75 , 000,000 barrels, hut tlm oil-producers of California as a whole 
did not apparently realise the real cost of production. 

A. F. Lucas * gives an account of the geology of tiho sulphur oil¬ 
field* of the Coastal Plain and the discovery of sulphur oil in that 
J egiou. The oil is heavily saturated with sulphuretted hydrogen and 
sulphur dioxide. Sulphurous gases are also obtained in the vicinity. 

It. L. Hlatchley 4 describes the Oakland City Oil-field, Pike County, 
Indiana. Tbo pool is approximately four miles long and two miles 
wide at its widest place. The oil was first produced in 1908. The 
average production is about 10 laurels a day per well, and there are 
201 producing wells. 

L. L \\ ittieh 1 deals with the history and geological conditions of 
the oil district of Oklahoma, and gives figures showing the quality and 
quantity of the output. 

M. J, Mann* describes the geology of the oil and gas fields of the 
Foxburg Quadrangle, Pennsylvania. He also describes 7 those of the 
Carnegie Quadrangle. 

O. 1>. James' 1 describes the Kan Juan oil-field in south-east Utah. 
The extent of the field has nut yet been determined, but may include 
the reservations of the Navajo and the Puh-Ute Indians in New 
Mexico and Arizona in the south, as well ns the country north thnmgh 
Mauh and in the direction of tho (ireen River. This region is prac¬ 
tically unexplored. The history of the oil discoveries may be traced 
buck as far as 1901, when samples from seepage* gave results of 
sufficient promise to lead to drilling. On account of the practically 

• ^ Slain Geological Sumy, Bulletin No 467, pp. 120-124. 

■ BulUtin yttu Amenta* Institute of Mining Engineers. 1912. pp. 377 38B. 

. AiMfeEi be/ore the New York Section of the Society of Chemical Industry, Decemher 
u», lull ; Metallurgical and Chemical Engineering, vol. x. pp. 80-82, 

Report ttf ffa Indiana Department ./ Geology and A ’at* ml Resunnes, 1910; 
an * Mining Journal, vol. xcii. p. 927. 

Mines and Minerals, vol. xxxti. pp. 291 294. 

Cm ted Slates Geological Snever. Bulletin No. 454. pp. 

’ !M.. Bulletin No. 45fl. 

Bngt steering and Mining Journal, tol. xcii. pp. 1082-10S4. 
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inaccessible situation of the lands, work was abandoned until 1907, 
when it was renewed further eastward and higher up stream, oil and 
water being reached at 170 to 220 feet More recently deeper wells 
have been sunk, the greatest depth being 1700 feet. The view is 
expressed that the Kan Juan oil-field is a deep-well field, and that 
3000-foot holes must be considered as a Iwsis of development. The 
geology of the region is described, and analysis of nil from the oil 
city wells shows 12 a per cent, of naphtha by volume; 21‘2 per cent, 
of light burning oil; 19 2 per cent, of heavy burning oil ;• 43 per cent, 
of heavy oils, and loss of 4'1 per cent, on coking. 

Petroleum in Argentina- —F. G. Hide' reports the discovery of 
petrolimm in the north of Argentina, which has been confirmed by 
the result of the < Joverument survey. The district in question lies to 
the north-east of Oran, in the province of Salta, and clone to the 
Bolivian frontier. The Department of Mines is satisfied that the 
petndenm field Is an extensive one, and that the oil is of good 
quality and near the surface. 

Petroleum in New Zealand — The geology of the petroleum- 
bearing regions of New Zealand is dealt with. 5 


Earth Temperatures in Oil Regions- —Geothermic measure¬ 
ments made by von Hofer 1 in oil-bearing strata show that in oil 
regions the intervals of depth at which the tempeiature rises 1° C. 
are unusually small, amounting only to 12 metres. 


Use of Liquid Fuel- J. Holden 4 gives an account of the appli¬ 
cation of liquid fuel to the locomotives of the Great Eastern Railway 
Company. Owing to the difficulty of disposing of the Ur produced at 
the btrntfnrd works of the < ompuny in the manufacture of gas for 
carrioge lighting, experiments were mode in 1885 with n view to it* 
utilisation for steam raising. In two years the requirements of oil 
Ur for locomotive firing had outgrown the supply from Stratford, and 
the purchases amounted, live years later, to 15,000 tons iwr annum. 
Liquid fuel, as compared with solid fuel, could only be made to p»v, 
however, fo long as the maximum price did not exceed by very much 
twice the current price of coni. The theoretical evaporative capacity 
ranged from 17 to 21 lbs. of water per lb. of fmd.aml the actual 
evaporation from 11 fl to 14 lb* of water, the evaporative efficiency 
betnj; from 6b to 72 per cent. A description of the oil-burning 
appliances is given. 

, K. G. Aston gives an account of liquid-fuel burning in the loco¬ 
motives of the Tehuantepec National Railroad of Mexico. He de- 
I Boardf Tnd, Journal «l. 1*„. p . COB; xol. tncrii. p. 255 

Klf,h Anmul Re ^ 
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scribes the facilities for handling and storing the oil, the methods of 
burning it, ami gives results taken from records of the monthly per¬ 
formances of locomotives. 

M W. Kerr deals 1 with the utilisation of oil os fuel in boiler 
furnaces, and discusses the main essentials fur the best results in 
burning the oil. 

L. Shackleton - discusses modern developments in the use of oil¬ 
engines and the advantages and disadvantages nf internnl-combtistion 
engines using crude oil, with special reference to engines for marine 
propulsion. 

H. K. Sett 3 discusses critically the IHesel engine and its modi lira- 
tions, ami considers some of the principles involved in the various 
methods of fuel injection. 

Storage of Petroleum F. W. Olitnjan 4 describes a large con¬ 
crete reservoir built at Cualingu, California, for the storage of 
petn ileum. 


Artificial Asphalt .—L. Per re net 5 describes the manufacture of 
artificial usphalt. A works for this purpose exists at C'ouvet, in 
Swit/erhind, in close proximity to the celebrated asphalt mines of the 
v al de Travers. The principle upon which the manufacture of artificial 
asphalt depends is the impregnation of powdered calcareous substances 
with bitumen. '1 he calcareous material employed, which is very fine 
grained and friable, is obtained from the same geological formations 
as the asphalt deposits mined in the Val de Travers, and it is reduced 
to powder ami mixed intimately with bitumen so as to form, on heat¬ 
ing, a pm*te having the same consistency as that of natural asphalt. 
1 he question as to whether the artificial material is better or worse 
than uutural asphalt can only lie determined by experience extending 
over lengthy periods, hut laboratory experiments have given excellent 
i vaults. From a purely commercial [mint of view it may he pointed 
out tlint while the asphalt mines have to pay a royalty to the Canton 
of Neuchatel of eight francs per ton of nsphult mined, the artificial 
asphalt works has to pay nothing for mining the material it em¬ 
ploys. The bitumen used to mix with the lime is obtained from 
Au-triu and Holland. It is steam heated before being placed in the 
mixers. 

W4 ^ , *bv r,, 0' Bullttin No. 131 ; Engineering Newt, rot lxril. pp. 

“ Paper reail before the Institution of Marine Engineer*; Mechanical Engineer, voL 

**»iii. pp. 274 278, 284 ISO. 

i "f Ameri,an Seiietr of Mechanical Engineer!, ml. xixui. pp. 1169-1200. 

. xhnmgan,i Engineering WerU, rot xxxr. pp. 1007 lot*. 
nnme de Mltallnrgu, Mcmotm, rot it. pp. 50-31. 
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VL —NATURAL GAS. 

Natural Gas in Transylvania-—The discovery of natural gus in 

Transylvania is described. 1 The gas is fouud at Kissnrmns, ubout 50 
miles from Kolozsvar and 250 miles from Budapest. Borings were 
made in 1909 with the object of finding deposits of potassium Balts. 
At u depth of 22 metres emanations of methane were met with, and 
at n depth of 150 metres inflammable gas was given off, the quan¬ 
tities becoming considerable when a depth of 300 metres was reached. 
A shaft was pat down, tapping a supply of 860,000 cubic metres daily, 
escapiug at u rate of 190 metres per Hecond. The calorific value of 
the gas was 8600 calories. Tho Royal Department of Mines is under¬ 
taking tarings to ascertain the extent of the gas-bearing formation. 

Natural Ga8 in the United States.—G. A. Burrell s states that 
the analysis of samples of gas collected from wells in various oil-fields 
of South California gave: Carbon dioxide, HI to 30‘4 per cent; 
oxygeu (three samples), 0*1 to 0‘2 per cent.; total paraffins, 07'2 to 
96’7 per cent.; nitrogen, 0-9 to 5 - 2 per cent.; metlmne, 54*2 to 88'0 
per cent.; and ethane, 0 to 35-6 per cent Tho heating value was 
724 to 1240 British thermal units per cubic foot. None of the 
-aimpies contained hydrogen, carbon monoxide, olefine hydrocarbons, 
or hydrogen sulphide. 

Utilisation Of Nataral Gas.—K. Feldmann * discusses various 
methods of utilising natural gas by combustion under steam boilers 
and in distilling apparatus. He describes various systems of burners, 
including those used in Caucasus and Galicia. 

Conservation of Natural Gas by Liquefying —I. G. Allen 4 

and G. A. Burrell propose a method for the conservation of natural 
gas which is being allowed to escaj>e almost without restraint in the 
petroleum fields of America by liquefying the gases under pressure. 

Transport and Storage of Natural Gas —K. Feldmann 5 deals 
with the naturul gas that is emitted from the borings for petroleum in 
the Boryslaw-Tustanowiee oil-fields, Galicia, and describes the pipe¬ 
line that has been constructed for conveying the gas to the refinery at 
Drohobycat, 8i kilometres distant. 

T. K. Weymouth c points out the most important problems in the 
production nnd transportation of natural gas, and outlines the methods 

• Report of the French Consul-General at Budapest. June 8.1911; Annalei del .4 lints. 
Sene* IX. voL i. pp. 257-2CH. 

* United State; Bureau of Mine;, Bulletin No. 19, pp. -t’-BC. 

3 Petroleum iBrrlinl, December IS I, lull, pp 285 - 288 . 

* United States Bureau ( Mines, Technical Paper No. 10; Metallurgical and Chemi¬ 
cal Bugitutring, vol x. pp. 534 235. 

» Petroleum, voL vt pp. 2232 2235. 

• Journal of the American Society of Mechanical Bngineerj, vol. xxxiv. pp. 725-771. 
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of solution. He briefly discusses tlie properties of natural gas, and 
gives a table of analyses of gases produced in the principal fields of 
the United States, together with a formula connecting the heat value 
of the natural gas with its specific gravity, lie also deals with the 
development of tho original formulie for the flow of gas in pipe-lines, 
the power required for completion and storage, and gives examples 
showing tho general method of design of a transmission system. 

Natural Gas Power-Station. —An electric power-station driven 
l<y natural gas has been installed at Independence, Kansas. 1 The 
equipment consists of a 500-kilowatt double-acting Monarch engine, 
a 200-kilowatt double-acting .Snow engine, and n 100-horse power 
Westinghouse 3-cylinder engine, all driving alternators of different 
capacities. Under average conditions, during a thirty days’ test, 1 
kilowatt-hour was developed for 20 cubic feet of gas taken by the 
engines. The gas is brought from Oklahoma, and has a fuel value of 
950 British thermal units per cubic foot 


VII.—ARTIFICIAL GAS. 

Gas Producers. —K. Munxel * gives practical hints with regard to 
tho working of the ruvolving-grate gas-producer, and points out that 
very satisfactory results may be obtained with it. It is essential both 
for the quality of the gas and the regular working of the producer 
that *vory portion of the fuel content shall contribute equally towards 
the production of gas. This is the case when the whole muss is equally 
permeable and tho uppermost layer of fuel exhibits a uniform dull 
red glow. If dark patches occur, the “green" fuel, as it is termed, 
offers great resistance to the jiossago of gas and leads to irregular 
working. It is desirable that the producer be fitted with n suitable 
charging apparatus through which the fuel may enter and be de¬ 
posited at will, either in the middle or round the sides according to 
requirements. This may be accomplished with a bell-and-cone 
arrangement fitted into a cylindrical casing in the roof of the pro¬ 
ducer. If the casing has a diameter of 1'2 metre the bottom of the 
Ml may In? 1 metre in diameter, so that a space of 10 centimetres 
lies free all round its lower edge. When the entrance is closed the 
hell fits tightly against the eone, ami its lower edge should l*e al*>ut 
15 centimetres from the bottom of the casing, which latter is flush 
with the vault of the producer. If now fuel is thrown into the cone 
and the bell lowered, say, 10 centimetres, the fuel strikes the 
cylindrical casing and rebounds into the middle of the producer. 
If the hell is lowered some 30 centimetres, however, its lower edge 
now projects into the broad vault of the producer, and the fuel 
falls out, towards tho circumference. Thus, by regulating the fall of 

• Eltclrical World, vol. lviii. pp. 1001-10(X1. 

* Stahl und Earn, voL xxxi. pp. HlO-lWT. 
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the bell, the fuel may be deposited at any desired place. Finally, 
back pressure must be avoided. Experience shows that if the 
pressure above the fire inside the producer does not exceed 4 or 5 
centimetres of water, the conditions are most satisfactory. 

Au account is given* of the Kerpelv high-pressure gas-producer. 
The main difficulties to be overcome in using line fuels for gasifica¬ 
tion are (1) the greater resistance offered to the passage of the air- 
blast, and (2) the difficulty of reducing the non-combustible ash to the 
lowest minimum. The minimum size of the particles of fuel that can 
be used varies with the nature of the fuel. The problem is further com¬ 
plicated by the fact that many fuels splinter into yet smaller particles 
when introduced into the producer in consequence of the sudden 
gasification of moisture within their pores. The Kerpelv gas pro¬ 
duced is designed to reduce these difficulties to n minimum. The 
pressure of the blast ranges from 40 to 70 centimetres of water, the 
blast itself passing through a number of minute openings distributed 
over the cross-section of the producer. This results in complete com¬ 
bustion of the small particles of fnel. The ashes fall automatically 
into a bucket which requires emptying some two or three times each 
day. An interesting tuble is given showing the results obtained with 
various fuels. 

F. Fielden,* in dealing with problems in bituminous suction-gas 
plants, states that in the earlier experiments with the down-draught 
type of suet ion-plants the air for comlmstiou was charged with vapours 
in exactly the stuuc way as now holds with anthracite plants; bnt. it 
was found that although sufficient bent, was obtained for making gas of 
effective and explosive power, yet the tnrry volatiles and snot were 
deposited in the gas-supply pipes, and eventually found their way 
into the engine. Wince it is necessary to pass a sufficient amount of 
vapour through the generator in order to produce good gns without 
the formation of nn excessive amount of clinker, and to prevent, the 
firebrick lining being burnt away, which would occur were air alone 
admitted, it becomes necessary to divide the functions of the suction 
bituminous producer into two distinct processes. First the cool must 
be coked, and, secondly, the coked fuel must be fed with the neces¬ 
sary air and vapour to produce good gas. The latter function is 
already attained in most suction-plants now on the market, and the 
former is one to which attention is now l>eing directed. As in com¬ 
mercially successful bituminous suction - generators both functions 
should la* combined, together with means for treating satisfactorily 
widely divergent, qualities of coal, l*ot.h caking and non-coking, con¬ 
taining quantities of :«sh varying from 5 to 40 per cent and volatile 
matter varying from 1« to 40 per cent., some idea of the difficulty of 
the problems can be formed. Another trouble which, although pre¬ 
sent with suction gas plants for anthracite and coke fuel, is intensified 
considerably with bituminous cool, is the question of ash and clinker. 

1 Slatl nnd Kiun, toI. mi. pp. 2U0 2142; Inm And Can/ Trada JVt-.itw *d. lnnu». 
p. 3311. 

* Enginttring. vot tail. pp. 175-177. 
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With the large increase in the amount of ash resulting from the use 
of bituminous coal, it is absolutely essential that means shall be 
provided for removing such ash and clinker without causing any 
undue alteration in the working of the engine. 

Particular* are given 1 of the working of four 10-foot Lehmann 
revolving-grate gas-producers ot the works of Vickers, limited, of 
•Sheffield. These producers, each of which is capable of gasifying 
-0 cwts. of coal per hour, were laid down to supply gas for fourteen 
large gun-ingot and armour-plate heating furnaces. 

Particulars are given 2 of the results obtained with two Hilger gas- 
producers with rotating grates installed at the works of Dorman, 
Long & Co., Limited, Middlesbrough. 

F. Bauricdal 3 describes the K uppers rotary grate type of gas- 
producer. 

A description has appeared * of a gas-producer designed by E. 
Fleischer with the object of producing a gits having a temperature of 
1000° 0. and upwards for use in processes of a chemical nature, such 
as tho reduction or fusion of metals, or for heating purposes. The 
fuel used for the producer is anthracite or coke. 

An illustrated description is given of a gas-producer, designed by 
K. I lor-1 >elattre, s which is provided with a rising and falling grate. 
The grate is carried by a plunger, and by means of this arrangement 
the coal can be wholly or partially raised without altering the size of 
the annidor outlet for the cinders ami ashes, which can be readily 
removed during the working of the producer. The raising and lower¬ 
ing of tho grate causes the cool to be kept continually in motion, and 
stirs it up over the whole surface. 

An illustrated description is given of a gas-producer designed by 
A. Folliet-Mieusset," with the object of obtaining a more uniform and 
adjustable distribution of the primary air introduced at the base of 
the producer. 

A description is given 7 of tbo Jlathot suction gas-producer. Tho 
type of producer permits of the utilisation of low-grade fuel of the 
smallest size. The gas passing from the top of the producer to a 
bottom outlet superheats the steam given off by the water vaporizer 
l>efore reaching the fuel bed, allowing a greater quantity of steam to 
be dissociated without cooling the gas. 

O. M. Garland 8 describes the equipment and general arrangement 
of bituminous cool-prod nears as designed for power purposes. The 
‘•crabbing apparatus is described in detail and the working results are 
considered. Particulars of the efficiency of the plant, composition of 
tho gas, and operating costs are also given. Figures for the first cost 
ami operating costs at full load for n 1200 brake-horse-power plant 

1 Iro m ani Cool Train Kr. iete, toL Uxxiv. p. 02. s Hid. . p. 252. 

’ CktmWti Zntnnf, *ul. mv. pp. 138S-1284. 

4 .Vtckanical F.ngtnttr, vol. xxm. p. 606. 

* /Hi., roJ. mi. pp. 15ft 156. * /hi., pp. 218-MO. 

7 Fourr, r L xxiv. pp. 2.kT> 25ft. 

* Journal of tkt Amenian Scoutg of Mt.&anuol Engiaotn, xul. xxxiv. pp. 885-MsL 
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are given in such a way as to make them applicable to different 
conditions of fuel and load. 

Illustrated descriptions are given* of two underfeed gas-producers 
designed by A. E. Pratt, which are of the type in which the fuel is 
fed continuously or intermittently in au upward direction to u fixed 
point within the producer, whence it passes radially downwards over 
the grate to a peripheral discharge opening. 

Gwosdz, 2 after tracing the development of the gas-producer, gives 
an account of modern producer design and practice, and of results 
obtained with various kinds of fuel. 

R. 11. Fernahl* and C. D. Smith describe various types of gas- 
producer plants for power purposes, including the suction, pressure, 
and down-draft types. The results of si* years' investigation at 
St. Louis, at Norfolk, and at Pittsburg are reported. 

C. Bone 4 discusses the o(>enition of gas-producers for the produc¬ 
tion of gas for steelworks. 

In dealing with producer-gas, J. A. Weil 5 discusses the design of 
the producer, and considers the chemical reactions that take place 
therein. He also deals with different types of producers and the 
plant for the purification of the gas. 

An illustrated description is given 0 of a fuel-clutrgitig device for 
gas-producers, designed by F. G. Smith and J. 8. Atkinson. The 
apparatus consists of a hopper on the top of the producer, into which 
the fuel is elmrged, and from whence it is delivered through a revolv¬ 
ing feeder, which <listrilmt.es the fuel over the fuel bed. The 
apparatus is designed to act also os a crusher for large pieces of fuel, 
as well os a feeder and charger. 

Au interesting account of an explosion in a suction gas-producer 
plant, due to a leakage of air into the expansion box, is given by M. 
Longtidge. 7 

Meyer* describes recent types of Pintscb gas-producers, and deal- 
wit h the problem of burning coke breeze and coke dross, as well as 
cinders, from locomotive smoke-boxes. 

Peat Gas Producers. — Particulars are given 9 of a peat-gns plant 
which bos been in successful operation at Partadown, Ireland. The peat 
ia air-dried, being cut from the bog and stacked during the summer. 
As cut, the peat contains about 85 per cent, of moisture, und during an 

1 Mechanical Engineer, vuL xxix. p. 12fi. 

* Gtuchauf. voL xlvU. pp. 15B0-13&. 

» Vnited Stahl Bureau of Mima, Bulletin No. 13. pp. 1378; Mining and Engineer¬ 
ing World. xuL oxt. pp. 1130-11153. 

4 Chemical Engineer, »oL xiv. pp. 378-380. 

* Paper read before the Manchester Association at Engineers, December 8. 1911 ; 
Mechanical Engineer, vol. xxvui. pp. *66-767. 

* Mechanical Engineer, vul. xxix. p. 325. 

1 Annual Report of the British Engine. Boiler, anti Electrical lusunince Company for 
1910; Mechanical Engineer, voL xx\m. p. * 5 . 1 , 

* Journal fur GeiMcuchtung, voL lv. pp. 73-80 ; Iron and Coal Erode, Eerie*, vol- 
lxxxtv. p. 815. 

* Engineering. »ol. soil. p. 771. 
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average season this can be reduced by air-drying to 20 per cent. 
The plant consists of two producers of 200 horse-power capucity each, 
with coke-scrubber, tar-extractor, sawdust-scrubber, exhauster, and 
expansion-box. The gas produced bus a value of alsiut NO British 
thermal units, and is similar to that produced from Welsh anthracite, 
but contains slightly less hydrogen. The approximate analysis of the 
peat is—water, 18'98 per cent.; volatile matter, «>5’17 percent.; tixod 
carbon, 2475 per cent.; ash, MO per cent. The ultimate analysis 
showed carbon, 44't» per cent.; hydrogen, 5’42 per cent.; nitrogen, 
097 per cent.; ash, 110 per cent.; moisture, 1898 per cent.: and 
oxygen, by difference, 28'93 per cent. The cost of fuel per week for 
supplying an average load of 275 brake - horse - power, is A4, 5s., 
allowing 35s. per week derived from the sale of tar. 

P. C. Percy » describes a pentgas producer plant, consisting of a 
300 horse-power engine and Heiu/.o peat-gas producer, at the East 
German Exhibition at Posen. 


Producer Gas from Crude Oil — H. A. Grine* publishes some 
notes on methods and devices for converting oil into gas, and gives an 
illustrated description of the Grine-Nelles producer for the manufac¬ 
ture of gas from crude petroleum. 

By-Products from Gas Producers.— A. Gwiggner 3 points out 
that the economy of collecting ammonium sulphate and tar from gas- 
producers is, with tho present prices of fuel and ammonium sulphate, 
more than counterbalanced by the cost of the extra fuel required 
to produce the same amount of heat as by the ordinary type of 
producer—at any rate, as far as Germany is concerned. 

Application of Producer-Gas to Boiler Firing— E. Schindler ' 
deals with the application of producer-gas to the tiring of steam 
boilers. 


Gas-Engines — It. L. Streeter 4 discusses the application of the 
internal-combustion engine in modern practice. \ arums types of 
gas and oil engines are described and illustrated, including the Diesel, 
the Carrington, and the Remington engines, using oil fuel, and the 
Westinghouse and Uruce-Mucheth engines, using natural gas. Par¬ 
ticulars of fuel consumption anil efficiencies are given. 

A. L. Hoehr 0 gives particulars of his experience with gas engines 
driven by blast-furnace gas at the works of tho National lube Com¬ 
pany, McKeesport. The plant comprises two Allis-Chidiners twin- 
tandem, four-cvcle gas-engines, with cylinders 32 inches in diameter 


' Pixu.tr, voL xxxv, pp. 63-64. 

• Mining unJ He tin ft tic PrtJS, vet. cilL pp. 3S1 38*. 

» Stakluni Eim, vuL xxxi. pp. J0»-*W8; vol xxxu. 186 ISO. 

• PfX 186-205. *19 £0. 560-676. 

• /annul of ttu Amtriam Sooixly of Mtokamcal Enginttn, voL xxxin. pp. 1089- 
tW3. 
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by 42-incbes stroke. Each engine drives a 1000-kilowatt Crocker- 
Wheeler direct-current generator, 250 volts at 110 revolutions [nr 
minute. They operate in parallel with four Allis-Chulmers steam 
units, driving 824-kilowatt. Crocker Wheeler generators. Tho gas- 
cleaning plant is ulso describe). 

A. 1 tipper 1 describes the new centnd-jiower system of the lloyol 
Prussian Collieries in the mining district of Hoarbriicken, which 
includes two electric generating stations, one equipped with gas- 
engines operated by the waste gas from by-product coke ovens, and 
the other with steam turbines. 

An illustrated description is given’ of a new type of 25 brake- 
horse-power suction gas-engine. 


VIII —COA L-MININQ. 


Shaft Sinking.— Ehrenherg* preseuta the result- of some obser¬ 
vations of the various effects of freezing the ground, during shaft 
suiking by the freezing process. 

Shaft-sinking by the Poetsch method of freezing is dealt with;* 
reference bring made to the determination of the direction of the 
bore-holes and the formation of the ice-wall and its resistance to 


pressure. 


t 4 describee some interesting cases of shaft-sinking 

through difficult water-bearing strata. 

R. G. Johnson * describes tho methods in general use for sinking 
and lining shafts of coal-mines in America. 



Earth Pressures in Collieries - Morin t discusses the earth 
■essures in collieries. Their influence is felt in three wavs- 


terrestrial movement or to the mining operations themselves. 



• ftuL, pn. I'R-JIO, 
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The question of proportioning mine pillars according to the strength 
of the coal is discussed, and the views of various authorities are 
given.* 

W. U. Llepplewhite- discusses the action and control of differently 
constituted coal roofs. 

Use Of Concrete in Mines -Hetails are given 3 of the ferro¬ 
concrete structure* at the surface plant of the Harrington Collieries, 
Workington. These include cage-fraining, cages, head-gear, slack- 
conveyor, banking-house, and gantries. 

Electric Equipment of Collieries. —The two section* of the 
new French mining regulations dealing with the employment of 
electricity in mines have been published * in English. 

The electrical equipment of the Craighead and Botliwell Castle 
Collieries of W. Baird it Co. is described. 4 

A description is given “ of the electrical equipment of the Clock 
Face Colliery of the Wigan Coal anil Iron Company. 

R. 11. Willis 7 discusses the mechanical design of electrical plant in 
collieries. 

Gas-Power in Collieries. — A. E. L. Chorlton 8 discusses the use 
of gas-power for driving in collieries, und indicates two methods of 
obtaining gas for such purposes. In the first case there is the 
ammonia-recovery producer, using combustible nitrogenous material 
from belt-pickings, or tips, mixed, perhaps, with some coul; tho 
whole of low market value, and producing a large amount of power- 
gas, und ammonium sulphate as a by-product. In the second case 
there is the by-product coke oven, using small coal and producing 
furuace coke, with many by-products and a considerable residuum of 
gas available for power and other purposes. The anthor then deals 
with the possible methods of application of gas-engines to the various 
requirements of the average colliery. These methods are four in 
number, namely: (1) the electric scheme; (2) the hydraulic sebeine; 
(3) the pneumatic scheme; and (4) the mechanical or direct scheme. 

Coal-catting 1 Machinery. — An account is given * of the develop- 
metit of the use of coal-cutting and conveying machinery in mines, 
and the relation of the price of labour to the selling price of cool 

1 M inti and Mintrah, vol. xixii. pp. 214-215. 

J Paper read before the Midland Counties Institution of Engineers; /ran and Coal 
Truda Rnitw, vol Uxxiil pp. WXO—fCl. 

* and Cool Tntdri Antra-, vol Ixxxir. p. 572. 

* //id., voL ixxx.ii. p. (iflii. 

* B/atrieian , vol. Isvii. pp. 930-940. 

* Hinti and ihntraJi, vol xxxii. pp. 271* 271. 

_ 7 Paper read befure the East of Scotland llraneh of the Association of Mining Electrical 
Engineers; Inn and Coal Tradti At'.irw. wo). Ixxxiv. pp, 338-33*.*. 

' Paper read before the Midland Institute of Minuig. Civil, and Mechanical Engineers, 
DccrmLrr 5. 1911; Uttkanirttl F.n£itttr. vol xxviii. pp. 7^4-7*!!*. 

* Elntncal Kennv, vol Ixix. pp. 431-133. 


486 


THE IRON AND STEEL INDUSTRIES. 


and the effect of the application of machinery to coal-mining are 
considered. 

C* Perkins 1 deeribes some modern types of English coal-cutting 
machines. 

W. B. Shaw,* in dealing with coal-cutting machinery, gives a 
description of the rotary and percussive types of machines, and com¬ 
pares their relative advantages. 


Methods of Working Coal. —Leprince-Kinguet 3 describes the 
progress which has been made in coal-mining in the Pas de Calais 
during the lust thirty-five years. In 187(5 the production amounted 
to 3,000,000 tons, while the present production is over 10,000,000, 
The area of the coalfield worked has been considerably extended; the 
average depth of the beds has been increased by nearly 50 per cent., 
but, on the other hand, the seams worked have tended to become 
narrower. The output per workman employed has not increased in 
proportion to the general output; the daily yield per bond in 1880 
having been 000 kilogrammes, while in 1010 it was 1042. Special 
reference is made to the progress in winding-engines, pumping and 
ventilating machinery, and surface installations, such as WAftheries 
aua coke oven*. 

C. A. Tapper 1 descriliee the system of coal-mining adopted by the 
Hartshorn A Patterson Coal Co. at Missionfield, Illinois. This consists 
of the application of a special type of revolving steam shovel which is 
required for the mining of an nlmost continuous layer of coal averag¬ 
ing about 4 feet in depth, with an overburden of 20 to 30 feet of 
enrth. 

An illustrated description is given 3 of the method of longwull 
Illinois' en,pl ° y * d “ th “ mines of lhe Bpring Valley Coal Company, 

, F ’^ Burrn . describes the method of square-set mining in use in 
the V ulcan mines, Michigan. 

J : F -K* , Brown 7 describes the methods of working coal in the Truns- 
Vital collieries. 

°. S. Caldwell •describes the method of working at the Lai Hon 
ilo coalfield in the province of Ho-nan, in China. 

,. Winding-Engine*.— Moldenhauer 5 considers the economic pro¬ 
blems involved in winding from great depths. I n consequence of the 

• Mining end F.nginaring World, ml. IOT •pn rtnt 

t,ofmba 34 ‘ ,9U: 

• Mimti anj Mtnernh, voL *ndi. pp. tfll 454. ™ 

SUpen0f K,mm * Institute; Mining end Engining 

«-*- * Minin, Students; 

and M '"^ Society. May 14, Mil - 

• GlUiknnf , mLxlvii. pp. lets 1961, 1381-199" 
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increased weight of the winding-rope*, the moving masses which 
require to be accelerated or slowed down are so enormously increased 
that it becomes necessary to adopt every possible device for reducing 
their weight, or at least far neutralising their effect. It is shown 
by numerous diagrams and mathematical calculations in what 
respects the efficiency of wiuditig plants can be improved for winding 
from depths of 1000 to 1500 metres both by steam-engines and by 
electric winding-engines. 

The Society of German Engineers iu 1907 appointed a committee 
to investigate the comparative cost of working and efficiency of steam- 
driven and electric winding-engines. The committee's report has now 
been published, 1 in which the experiment" and their result* are fully 
described. 

W. Philippi * describes the principal types of electric winding- 
engines. The advantages and disadvantages of the various systems, 
and their efficiency, are compsired, and the chief points to be borne iu 
mind iu calculating their economy are considered. 

The relative advantages of electric motors and compressed-air 
engines for driving deep-mine hoists are discussed by K. A. Pauly.* 

H. J. S. Heather* discusses the safety of induction motors for 
driving winding engines. The advantage of the automatic cutting off of 
the current is problematical, and considerable harm may result from it. 

The winding equipment at the Birley Collieries, Sheffield, is 
described 3 and illustrated. 

An illustrated description is given* of a new method of electric 
winding at the Auchincruive pits of William B&ird A Co., Scotlaud. 

Winding Appliances.— J. Paul" describes the Walker over¬ 
winding prevention gear installed at the Lpchgelly Iron and Coal 
Company’s Mary pit. 

J. Strnchan * describes the ** Visor " controller for the prevention of 
overwinding. 

Haulage in Collieries.— Paehr 9 give- general results of experi¬ 
ences with mine locomotives in the collieries of the Dortmund mining 
district. The various type- of locomotives in use are illustrated and 
described, and the working costs are shown. 

Otte ** gives results of tests with naphtha-fired locomotives used for 
haulage purposes in the Decheu Colliery, in the Saar district, and 
presents calculations of the cost of haulage with such locomotives. 

* Gluckauf, vot lira. pp. Ifi29-lk40. 1676-1681 et 

3 EUktretetknistke Zestsckrift, wit mu. pp. 1OC-10W, 1084-1009. 

3 Bulletin of Hu American Institute of Mining Engineers, Wit, pp- 933-U80. 

* Elee/rieian, »oL Uviii. pp. 177-178. 

* /run and Coal Trades Review. yoL Uxxiv. pp. 48-49. 

* IHI .. pp. 

* Transactions of the Mining Institute of Scotland, val. xxxiv. pp. s* Co. 

* Paper read before the Midland branch of the National Amoci»uo» of Collkry 
Managers, March 10. 1912; Iron and Coal Train Review. vol Kvxir. pp. Wil-DCI. 

* Zeitsekrift fur Hero -, Hutten- uni SaJineuwcsen, vol. hi. pp. 047-672. 
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Wondriuer 1 compare# different methods of haulage under different 
conditions, and gives result# of experience with mechanical haulage in 
the coal-mines of Upper Silesia. 

W. C. Mountain 5 describe.# the different types of electric haulage 
that is used underground in collieries. 

Ventilation in Collieries. —The new electrical fans installed at 
the No. 9 Pit of the Escarpelle Mining Company, Nord, France, are 
described by Lacroix. 3 The fans themselves ;ire of the Mennet and 
Moyne turbine type, and take three-phase current at 5000 volts. 

Lighting of Collieries. —E. Lemaire * describes the Goulet safety- 
lump, which is an incandeecunt lamp employing benzene as an illumi- 
nant. Its photometric power it* 3'5 Heffner units. It is at once 
extinguished by cutting off the air-supply, and in pructict* has proved 
exceedingly safe, although it ha# not up to the present been very 
widely adopted. 

An illustrated description is given 6 of a new portable electric safety- 

lamp. 

Gases in Mines. — R. Nowieki * describe# an appumtus for the 
detection of minute quantities of corbun monoxide present, in mine 
ga#ea. The test depends un the darkening of |utpcr impregnated with 
palladium chloride in tbe presence of carbon dioxide, the length of 
time being an important factor in determining tbe result. 

C. Moureu " and A. Lepupe have made analyses of five specimens of 
fire-damp collected under conditions excluding air. The results show 
the existence of u much higher proportion of helium to nitrogen than 
that existing in air. The nitrogen from one specimen contained no 
less t.lmu 13 per cent, of helium. 

H. Briggs® deals with tho use of safety-lamps as a means of testing 
for fire-damp and black-damp. 

W. H. Cunningham v and C. R. Connor describe a rue! hod bv which 
gas under pressure in ooul-mines can lie relieved by the use of bore¬ 
holes. 


Coal-dust Experiments. — -W« Galloway*® gives u review of the 
progress in coal-dust experiments carried out in Groat Britain and 
abroad. 


I Ztitukrift fkr Borg-. Hntten- und Satintnwatx. vol. ha. pp. 

* Paper read before tbe North of England Branch of the AstocUticm of Muting 
Electrical Engineers ; from and Coal Trades A'tvitw. voL Iraxir. pp. 334-337 

» Comf Its Ktndns de It Sotittt de T Indnstrit Min/ralt, 1811, pp. 071-671 

* AnnaUs dn Mints d* Btlfijut, voL xiri. pp, 033 -036, 

» C.'Ihrry Guardian, yoL cui. p. 70. 

» Otsttrrtithnsht /.tit:. Krtjt far Htrg- and Hiittman sen, vol. lix. pr>. 537-6841 
T Comfits Atndas, vol. cbli. pp. K 47 #49 
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The reports of J. TufFanel 1 and A. Durr on the recent French coal- 
dust experiments are republished in English. 

J. ('adman 3 describes the etpiipmont of the Bruceton coal-dust 
experimental station in the United States. 

W. M. Thornton 3 discu—es the influence of the presence of gns on 
the ignition of clouds of coal-dust by single electric flashes. 

I. C. F. Statluim * gives a historical account of the coal-dust 
theory, and briefly describes the British, French, Austrian, and 
American experiments. 

Explosions in Collieries- —An official report bv Hollander ' is 
publtidted on the explosion in the Rndbod Colliery, near Hamm, in 
Westphalia, which took place in the night of November 11, 1008. At 
the time of the explosion 384 men were below ground, of whom only 
17 escaped injury, the total number of fatalities being 348. The cause 
could not be definitely established, but is considered to Ire probably 
due to one of the benzene safety-lamps having become defective 
during use or having been given out in a defective condition. 

J. Taffanel ® gives an account of the disastrous explosions which 
occurred in the West Stanley Mine and the Pretoria Mine in South 
Africa on February 16, 1909, and December 21, 1910, resj>ectively. 

The explosion which occurred in 1911 in n coal-mine at Briceville, 
Ti'imessee, by which 180 miners lost their lives, is discussed, 7 and the 
cause of the disaster is explained. 

Accidents in Coal-Mines- —G. B. Harrison * deals with accidents 
in mines caused by falls of ground. 

Storage and Heating of Coal —H. C. Porter 3 and F. K. Ovits 
give an aivuunt of an investigation carried out by the United States 
Bureau of Mines on the deterioration and spontaneous heating of 
coal in storage. The authors put forward the following recom¬ 
mendations:—^!) Coal should not be piled more than 12 feet deep, 
nor in such u manner that any point in the interior will bo more 
than 10 feet from an air-cooled surface. (2) If possible, only lumps 
should be stored. (3) Handling of the coal should be reduced to a 
minimum, in order to avoid production of dust. (4) Lumps and fines 
should be distributed on the pile as evenly as passible, were being 

I Colliery Guardian, voL rift. pp. 227 228 . 

* Paper reaJ before the North Staffordshire Institute of Mining and Mechanical 
Engineers: Iron and Coal Trader Review, vol. Uxxiii. p. 976. 

* Paper read before the North of England Branch of the Association of Mining 
Electrical Engineers; Iron and Coal Trader Kerins, vol. lxxxiv. p. 253. 

* Paper read before the South Staffordshire Mining Students' Society, November SI. 
1911 . /run and Coat Trader Review, toU Ixxxiii. pp. *06-WOK. 

» Gloria*/. voi. xlnn. pp. Itttt-IM. 209-218. 25S-2C9. 

* Annalet dm Miner, Series X., voL xx. pp. 963-44A. 

' Mining and Engineering I lor Id. vol. xxxv pp. 1223-1224. 
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490 


THE IRON AND STEEL INDUSTRIES. 


taken that lumps do not roll down and form air-passages at the 
bottom. (5) The coal should be rehandled and screened after two 
months. (I?) External sources of heat should not be allowed near the 
pile. (7) The coal after mining should be “seasoned” for six weeks 
before storing in piles. (8) Alternate wetting and drying of the 
coal should be avoided. (9) Admission of air to the interior of the 
pile through interstices or porous foundations should be avoided. 
(10) Ventilation by pipes should not bo attempted. 

The Omaha Klee trie Light and Power Company have constructed 
a pit for storage of coni under wnter, the capacity"being 10,000 tons, 
which is sufficient for a three months' operation of the company's 
plant of 13,000 kilowatts. 1 The structure is of reinforced concrete 
carried on piles, and the pit has an area of 100 x UG feet, with a 
depth below water-level of 23 feet A 5-tou crane of 145 foot span 
stretche,-. over the pit and the track for coal trains alongside of it 

E. A. Harman 3 states that the deterioration of coal on stocking is 
greatest when the coal is first stacked, and gradually decreases until 
after a period of time it is practically negligible. 

An instrument for determining the temperature of coal piles is 
described, 3 the outstanding feature of which is a special boring tool. 

Rescue Appliances — The report is published ‘ of an investiga¬ 
tion of rescue apparatus for use in coal-mines carried out by a 
committee of the South Midland coalowners. 

R. Crawford 1 describes the equipment and work of the Fife and 
Clackmannan Colliery rescue station. 

The organisation of the mine rescue service of the State of Illinois 
is described by H. H. Stock.' 1 


Sanitation in Collieries —II. Ku*a T describes the measures 
adopted in lielgian mines to combat the spread of ankvlostomiasis. 
During the years 1895 1896 the disease assumed grave dimensions, 
aud a Commission was appointed to inquire into the extent of the 
epidemic, and sums of money were voted by the Provincial Council 
of Liege and Committees at Mans and Charleroi for the purpose 
of the investigation Owing to the introduction of more sanitary 
measures in collieries the epidemic lias been stemmed, and the 
occurrence of the disease amongst miners has fallen conriderably. 

A description is given * of the systems of baths and dressing-rooms 
for miners adapted l>oth in this country and on the Continent. 

Some notes descriptive of lavatories"and baths installed at various 


* Electrical World, v» 1. Iriii. pp. S8-I-S85. 

• Journal 4 Gas l.igkEng. vot cxvi. p. 213. 
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British collieries for the use of miners are given by R. A. S. 

Redmayne . 1 

Mine Surveying —H. II. Clark 5 proposes the adoption of electri¬ 
cal symbols for the marking of mine maps, more especially with the 
. object of indicating the lay out of electric installations in mines. 

H. G. Henderson* deals with some practical points with regard to 
mine surveying. 

W. Pirie* describes various methods of surveying its applied to 
coal-mining. 

J. A. Went** deals with the progress made in the prospecting for 
coal deposits. 


Economics of Mining. —A supplement is published f ' containing 
the final text of the measure of the new Coal Mines Bill ns finally 
revised by both Houses of Parliament. The Bill ia officially described 
ns an Act to consolidate and amend the law relating to coal-mines 
and certain other mines in the United Kingdom. 

History of Coal Mining. —The early history of cool-mining in 
Japan is described by K. Nishio." Coal has been produced in Jnpan 
ever since 1702, and the Miike coal-field was first opened in 1721. In 
the early days coal was chiefly used for domestic purposes, but was 
sometimes sold as find for use in the salt-fields. Coal-mining in early 
days simply consisted in removing the ontcrop. European methods 
of mining were first introduced at the Takashima colliery in 1807. 
Literature on mining has existed in Japan from the latter part of the 
seventeenth century, when Sato Nobukage wrote two treatises on the 
administration of mines and the principles of the exploitation of 
mines respectively. He was killed by a gas explosion at the Ani 
copper mine in Ugo in 1731, a fate somewhat similar to that which 
overtook his son Nobusuye, who in 1784 was killed by poisonous 
gases while reopening a tin-mine owned by his father. 

Martell * gives an historical account of the coal-mining industry 
of Belgium. From ancient deeds it appears that coal-mining was 
Isdng carried on as far buck ns 1198. Particulars arc given of the 
position of the mining industry at tho close of the eighteenth 
century. 

> Mine* and Quarries, General Report with Statistics for 1910, Part 1L.—Labour; 
Colliery Guardian, vot cili. pp. 77 78. 

* Mining and Engineering World, vot mr. pp. IKS 1331. 

* Iron and Coal 7 radti ftevina, vol. Ixxxiv. p. 496. 
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Kevin*, vol lixxili. pp. 721-723. 
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IX.— COAL WASHING AND SCREENING. 

Coal Screening'. —P. Sterling * describes the preparation of an¬ 
thracite, and gives a list of the commercial sires recognised in the 
American coal trade. The sizing machinery employed consists of 
screens, which are either fixed or movable. Each of the leading 
typos is fully described and illustrated, and the relative advan¬ 
tages enumerated. Fixed screens are inexpensive as regards first 
cost, require no power for operation and but little attention, and 
their capacity is large; but, on the other hand, they effect a poor 
sizing of the coal, and increased breakage and consequent loss of 
prepared sizes ensue with their use. The coal is broken either by 
hand, with picks and bars, or by rolls or crushers, but the first 
method is employed only in the picking head. Leading types of 
crushers art' described, and estimates are given of the cost of the 
original installation for the sizing of anthracite and the running 
charges connected with maintenance. 

Coal Washing. —The electrically driven coal-washing plant at 
Crnmlington Colliery is described. 2 The main plant is driven by a 
200 three-phase horse power motor, and the fine coal recovery-plant 
and refuse conveyors arc operated by two 12 horse power motors. 

The theoretical considerations involved in coni washing are dis¬ 
cussed by K. A. Henry, 1 who gives curves showing the proportional 
separation that takes place nnder actual conditions between the coal 
and its associated impurities. 

<5. R. Udometer 4 put* forward a plea for uniformity in teats and 
reports of cool washing, and presents some new data and formula: for 
accurate comparison of washery work. 

D. A. iltey describes a system of washing bituminous cool at 
Laha usage, Alabama. 

Coal Briquettes —A. H. Lush" has presented a report to the 
Home Secretary on the regulations proposed for the manufacture of 
briquettes with addition of pitch. The processes of manufacture are 
briefly described, and the risks to health and precautions to la? observed 
ore dealt with. 

A description is given r of tho manufacture of lignite briquettes 
ns carried out at the Verein der Niederiauritzer Braankoblenwerke, 
Germany. The lignite is ground into powder which contains about 
50 per cent, of moisture. It is then dried and heated by exhaust 

; ZT’Z'Zl''"'''"' **»«"*• IBI ,. PP . 

1 AVtiir I 'nh’tntUt tin .Ifinti. Scries IV. vol. m». p 0 , ™ -« 

* Mima and Mintralt, voL «wt pp. 461-4(11. 

* ituL. pp. sn-.m 

of Trade. Publication Cd. 6*78; Collitry Guardian, cn. pp. 101-03. 

2 Dim^ltr i Polyttikniiekn Journal, rot. (xcixvi. pp. 737 - 78 *. 






FT7KL. 493 

steam until it contains not more than 12 to 1 ii per cent, of moisture, 
when it is pasaeii through a sieve and submitted to a pressure of 
about 1500 atmospheres, without the use of any binding substance. 

Polster 1 describes modern apparatus for the removal of dust, which 
lias been recently installed in the brown-coal briquetting factories of 
the Rhine district- 

An illustrated description is given 5 of a largo double-pressure 
machine for the manufacture of briquettes from bituminous fuel. 
Tlie machine is capable of making two 25-lb. briquettes per stroke, 
and has an outpnt of about 25 tans per hour, equal to some 2200 
briquettes. 

' Tranmiahlr. December 22,19U, pp SW7-60S, 013-421, 645-448. 
a Iran and Coal Trader Krviexa, vol. Iixxiv. p. 1M. 
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I.— BLAST-FURNACE JTLl CTICE. 

Blast Furnace Construction. —D. Baker* .leal* with the con 
struction of thm-lined blast-furnaces. In the United States three 
different forms of construction have been adopted, represented first 
by the furnace in the Isaliella group of the Carnegie Steel Company, 
Pittsburg, namely, a rolled steel plate shell cooled by water-troughs 
or pockets riveted to the shell. This furnace i B provider! with a 
12-inch firebrick lining, and there is about an inch of metal between 
the [Ticks and the water in the pockets. At South Chicago the shell 
of the first thin- med furnace consisted of out-steel segments bolted 
together, the cooling being effected by water flowing over the outside 
surface. A second furnace was built at South Chicago of rolled-plate 
construction, with water-pockets attach*! much in the same way as 
in the Isabella furnace, except that the water, instead of circulating 
from one pocket to another, w kept in the pocket and allowed to 
evaporate, enough water being adder! to take its place. At the plant of 
the Tennessee Coal, Iron, and Railroad Company. Enslev, Alabama, the 
tlnn-lined furnace recently constructed, has a rolled-steel shell 1 finch 
m thickness which ,s cooled by water sprays, there l>eing a uniform 
stream of water flowing down the outride surface of the shell All 
these forms of. construction «l»w from the German type, constructed 
of heavy cart- lr on segments cooled on the exterior, which 1ms proved 
so successful. The effect of this difference in construction is that the 
loss of best in the American furnace considerably exceeds the heat 
lost in the operation of the German tvpe J 

Particulars are given * of the conversion of an ordinary blast- 

1 frvtt Trait Ktvum. voL »li*. pp. UM-1U4, 


* /Hi., vol l pp. *8-857. 
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Blast-Furnace Reactions. —Zjromski 1 deals with the theory of 
the blast-furnace reactions, and criticises the views of J. W. Richards 
communicated to the Diisseldorf Congress. He considers the condi¬ 
tions prevailing (1) in a coke furnace and (2) in u charcoal furnuce, 
and gives formula! elucidating his contentious. In a charcoal fur¬ 
nace, in order to obtain perfect equilibrium, it would be necessary to 
heat the blast to 9(H)* C. 

P. Angles d'Auriac * likewise deals with the theoretical reactions 
occurring in the blast-furnace, and confirms Gruner's views as to the 
equilibrium reactions. In the ideal working of a furnace the whole 
of the carbon in the fuel would reach the level of the tuyeres in an un¬ 
altered condition and there be transformed into carbon monoxide, 
which, rising upwards througb the charge, would secure the complete 
reduction of the ore according to the formula: 


F« 1 Oj4-3CO=2Fe+3CO a . 

This is the ideal instanco of indirect reduction. When, however, the 
reduction of the ore is due to the action of solid carbon, it is to be 
regarded as direct reduction, and complies with the two formula*: 


and 


FejOj+3C jeffe+SCO, 

2Fe/VHC = 4Fe+3CO,. 


These two reactions are strongly endothermic, particularly the first 
one. which absorbs approximately 2400 calories per kilogramme of 
oxygen withdrawn from the ore. The second, althongh endothermic, 
still absorbs nearly 1200 calories per kilogramme of oxygen with¬ 
drawn from the ore. In practice the reduction of the ore in a blast¬ 
furnace takes place partly at the expense of the carbon monoxide in 
the ascending gaseous current (indirect reduction), and partly at the 
expense of the solid fuel descending from the throat (direct reduc¬ 
tion). The three reactions given do not however exhaust the exceed¬ 
ingly complex phenomena taking place in the blast-furnace. Thus 
incomplete reducing reactions occur which yield intermediary oxides 
instead of metallic iron; and, on the other hand, the reducing action 
is limited by oxidising reactions, of which an instance is afTorded in 
the oxidising of the reduced iron by the carbon dioxide of the gaseous 
current, while in the upper part of the furnace the carbon dioxide, 
in the presence of iron oxides, decomposes into carbon and carbon 
monoxide with considerable evolution of heat (3134 calories per kilo¬ 
gramme of carbon deposited). 

B. Osann * discusses the reactions obtaining in a blast-furnace 
under normal working conditions. 

M. Levin 4 discusses theoretically the problems of direct anil 
indirect reduction of ore in the blast-furnace. 


1 CompUt Rendus Jt la SotifU it t Indmitrit St in ft at*. 1811, pp. 574-576. 

* Hid., pp. 576-580. 

* SUM ■ ltd Eittn, vol. xxxii. pp. 465-473. 4 IHJ. , pp. 232 234. 
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Calculation of Furnace Charges —R. Chnuvonet 1 discusses the 

calculation of furnace charges, with special reference to the computa¬ 
tion of the composition of slag's, and gives formula 1 and examples for 
that purpose. 

«!• J- Porter - points out that the value of anv particular ore, coke, 
or limestone for iron-making depends for its effect, first, upon the 
quality or value of the resulting product, and, secondly, upon the cat 
of Miielting; and the utility of a means of comjiariiig riutneric&llv the 
relative smelting values of different ores, cokes, and limestones is 
obvious. A number of empirical formula- are given, for which simpli¬ 
city and substantial accuracy are claimed. The formula- are base-1 on 
regular sampling and careful analyses, but the benefits of adopting 
such n course warrant the additional expense entailed. 


Blast-furnace Operations. —E. Langheinrich 11 draws attention 
to the fact that the method at present in vogue of removing the 
molten slag and metal from blastfurnaces in wagons running on rails 
is unsatisfactory, owing to the fact that the space required might bo 
put to better use and also on account of the high working cost It is 
suggested that two systems of overhead trnvolling-crane, be employed, 
the one to remove the slog to the waste-heap, the other to cany the 
molten me to to the mixers. It is recognises 1, however, that in many 
works it would now be impossible to introduce this system, owing Ci 
the unsuitable nature of the ground and the orientation of the works. 
It is claimed that if the system is adopted and due precautions observed 
accident* are almost unknown, 

B. W. Head* deals with recent developments in blast-furnace 
practice. 


Deposition of Carbon in the Blast-Furnace .^It is well known 

that carbon u frequently deposited within the pores of bricks in blast 
furnace walls, lending to the splintering of the bricks and their 
ultimate detraction. This is us'uaUy explained! the g^Td SaL 
at a temperature of 300 to 400° C.. LrJu mono*!* 

JCO=CO,+C 

Hence if the bricks wntain any particles of iron or iron oxi< i e in 
their compos,lion carbon w,ll be deposited in their neighbour hoc l 
ms.de he brick, from the gases diffusing tl.ruugh their pores, result¬ 
ing in the disruption of the bncks. U. Kinder • points out that this 
is not the only explanation. The carbon probably also comes in the 
following manner. Both ore ami coke usually contain small quantities 

3 Stahl mad Riitn, vol. mi. 1B81MH73. * ‘ f PP- 27®-JC*l- 

* Jaundlef the Wat tf Scot load /rat, and Star! . __ 

• Stahl mad Rim,, rot axil 231-m '«**•*, vol. «u. pp. 267-272. 
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of the alkali metals as carbonates, and in the furnace these are con¬ 
verted into emanates. Thus: 

K*CO, + N,+4C=2KCN +3CO. 

KCN+CO,= KCNO+CO. 

lit the presence of steam anil carbon dioxide, hydrocyanic acid 
rosulta * 

2KCNO+CO+ H*0= KjCO]+2HC N. 

The hydrocyanic acid is now decomposed by particles of iron in 
the brick into free carbon, hydrogen, and nitrogen. 

Charging Appliances —An electrically operated blast-furnace 
charging car, suitably designed for use with overhead parabolic ore, 
coke, and limestone bin systems, is described 1 and illustrated. 

Blowing Engines. — A. Ratcau* gives a description of a ltateau 
mixed turi.ine and blower instilled at a blast-furnace plant in 
Vizcaya, Spain. 

Hot-blast Stoves. —A. N. Diehl * discusses the relatiou of re¬ 
generative stoves to blast-furnace practice. 

Q. Hulle 4 deals mathematically with the working and efficiency of 
the t’owper stove. 

G. H. Smith 1 describes an expansion joint for hot-blast mains 
designed by J. Scott. 

Mixers. —O. Simmersbach" discusses pig-iron mixers and their 
application in ironworks. The design and construction of tipping 
and rotating mixers are illustrated and described, showing the 
advantages of the rotating type which lias now entirely superseded 
the tipping mixer. The flat-bottom type of mixer is also shown. 
The operations, the cost of heating, and the influence of the size and 
the effect of the mixer on the sulphur contents of the pig iron are 
considered. 

A translation into French has appeured* of the paper by O. Sim- 
uiersbach * discussing the use erf pig-imn mixers; diagruius and 
illustrations of the principal] tyjies in vogue being given. 

Dry Air-Blast. —A description is given * of an apparatus known 
as “ Little's cooler " for the production of dry air-blast. It consists 

• Inm Trait Kevirm, rot xlix. p. 832. 

* f.eitukriftits I Vi/rrr. /agenifur a nj Arskittkten I'rrrines, vol. lxiii. pp. 625 G2H. 

• Pnxttdinfi of lit Engineers' Society of Western Ami tx ania, rot xxvu. pp. CG2- 
7W. 

* Slat/ *ni F.htn. vol. xxxi. 1451-1457. 

’ /n'< Trait k’erirw, vol. ills. pp. 1058-1059. 

• Berg- “"‘I ttottenmamniuke Funds, kam. December 20, 1911, pp. 53-410; January 5, 

1912. pp. ist-ra. 

7 Heme dr Mtialturgi*. MSmaires, vol. vili. pp. 829-850. 

■ Suit nod Eisen, vol. xxxi. pp. 253-208, 337-148, 887-398. 

* Iron ood Coal Trades A'exiem. vol. lxxxiv. pp. KM-805. 
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of a number of concentric sheet-metal drums, which slowly revolve 
in a trough, thus producing un extensive surface, each portion of 
which is covered by a thin film of the liquid contained in the trough. 
The surface is also necessarily at the temperature of this liquid. 
The concentric cylinders are arranged in adjacent troughs, and the 
liquid passes from one to the other (rising in temperature as it does 
so), in the opposite direction to the air, so that a perfect heat inter¬ 
change is obtained. Increased thermal elficiencv is obtained from 
this apparatus compared with brine-pipes, as the refrigeratin'' work 
is divided into two or more stages: (1) The air is chilled bp being 
blown m contact with the concentric drums in the first portion of the 
color, through which water, cooled by the refrigerating machinery, is 
circulated. (2) The air then passes in contact with the drum snr- 
faces in the second portion of the cooler, through which brine, cooled 
by the refrigerating machinery, is circulated, and where it is finally 
cooled to the required temperature. The general arrangement is 
shown of a plant capable of dealing with 40,0(H) cubic feet of air per 
minute and reducing it to a temperature of 25^ F„ having a moisture 
content of 1 5 grain per cubic foot. 

J. B. Miles‘ describes a new dry-blast process which is in opera- 
tion at the Northern Iron Company, Standi.1,, United States. The 
chief feature of this is that the cooling is done after compression in 
the b owing-engines and sprays of water or brine in direct contact 
with the air accomplish the cooling instead of pi,*-* i n wh ieh cold 
brine us circulated. * 

Heym* describes the new calcium chloride plant for .Irving the 
b ast which hits for several months been in successful operation at the 
lh “S n blast-furnaces. The installation is capabU of dealing 
with 30,01)0 cubic metres of air per hour. 4 b 

Enrichment of Blast with Oxygen.— F. W. Liirmaun* raises 
the interesting question as to whether or not it is advisable to admit 

SSlXSTJES SUPF l! ie<1 the blast-furnace than 

the 1 77 {Kir cent, which the air normally contains. It | s .minted out 

that in the case of a furnace producing 240 tons of pig i ron per twenty- 

four hours, and requiring 40,800 cubic metres of blast , Jr hour the 

'" J® fur ° ^ " T 5fi C ’ Thl * “‘gbt mean some considerable 


advantage in cases of emergency, such "os 

working of the urtwee. At present, however, the cost of oxv/en is 

v * WerC ™ «"*«• demand the gas JJdd un- 
doubtodly become cheaper and it- advantages more prateable 

Blast-furnace Bxplosion.'— In tko carlv hours nf i 


191 

I /ran Trait Kerim, rot L no. 9.11 am • 

pp. 630- «W. PP- WI 904 , and Coal Trait, Krvim, voL lixx.v. 

* OtslerrtitkiuAt Ztitnkrifi tdL tix. n D on-ms , 

Slrtl Initilnti, 1«U. No. I.. n. 2s. PP =« »Uo Jan mat cf tie /ran and 

» Suit uni Eittn, voL ***«. pp. 000-611. 
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the Phamix Company, at Rulirort, Prussia, 1 resulting in tho death of 
eight men and injury to four others, two of whom luive since died. 
The furnace, which was started on October lti, 1911, was 25 metres 
in height, and lwd u capacity of 610 cubic metres. On the night of 
January 15 the furnace began to work irregularly, and at 1.40 A.IL 
the explosion took place. It originated evidently just above the 
tmahes, shattering the furnace, but not injuring the Cowper stovo 
close behind. 


Composition of Blast-furnace Gases. —Experiments have been 
carried out by M. Levin 5 and H. Niedt upon the composition of blast¬ 
furnace gases with a view to throwing light upon the changes taking 
place during the process of smelting. In order to obtain the gases, 
imles of 6 centimetres diameter were bored at various heights, 
vertically atxive one another, in the walls of certain blast-furnaces, 
and the gases removed through water-cooled copper tubes. The pres¬ 
sures were registered by n mercury manometer, and tho temperature* 
hv a thermo-electric couple. The results are given in a series of 
curves which show the various proportions of nitrogen, carbon 
monoxide, and carbon dioxide present in the gases at varying heights 
above the hearth inside the furnace. The proportion of carbon 
monoxide rapidly rises as the blast escapes from the tuyere mouth. 
It then remains fairly constant for some distance at 56'7 volumes per 
100 volumes of nitrogen. This constancy persists through half or 
two-thirds of the way up the furnnee, and then the proportion of 
carbon monoxide slowly fulls to 53 volumes at the top of the furnace. 
The total volume of the furnace gases likewise rises rapidly as the 
blast leaves the tuyere, but after ascending through about half a 
metre the rate of increase rapidly falls. Tho initial increase is 
largely due to the formation of carbon monoxide both by combustion 
of the coke in the blast: 

4Nj+0,+2C=4N,+2C0. 

4vols. lvol. 4 volv 2 volt. 

and by the reduction of ferrous oxide by the coke: 

FcO+C=Fc-t-CO. 

Negligible 1 vul. 
voL 


A* the gases ascend the furnace, carbon dioxide is produced l»oth by 
decomjxK-ition of limestone and at the expense of some of the carbon 
monoxide. Thus: 


and 


C*C 0,=C«0 f CO,. 


Fe^,+CO =3FeO+COj. 
3FeO + 8CO=3Fc+3CO* 


The former of these reactions occasions a slight increase in the total 
bulk of the gases, and both reactions reduce the percentage of carbon 

l SUU mud Eiun, voL xxxii. p. 151. * AW, voi. xxxi. pp. 2135-2140. 
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ninnoxitio The carbon dioxide curve thus shows a rapi.l increase after 
about one-third of the furnace height has been traverse, l 

Utilisation of Blast-furnace Gas.— Blast-furnace gas is recon, 
mended as supenor either to solid fuel or producer-gas for the purpose 
."£*“• a r ^ luting of foundry dryi^ovena. In view 
f ho fact that refin.-d blast-furnace gas is odourless and extremely 
narcotising, it ,s suggested that, in ardor to reduce the danger attached 

yi A e l ’ U , rp0SCS '‘r t0 l8ttka g“ pipes and burners, 

able lo.^ ,' X 1 W ‘ th T n , ethlng tluU wiU easily notice 

able smell. Calcium carbide can bo used; the gas in its passage 

umns of trbid" f‘7 T*? *° 0Ver * baskrt containing 
lumps of carbide, which absorb moisture from the ga- and give oil 

acetylene Means must, however, be provided for shaking the basket 
periodio.lly in order to free it from accumulation* of caJcii.m oxide. 

of bta«l£^r-* to to. ...ilUede. 

M. hanger ’ criticises the conclusions of Hoff, that Steam-power 

“• ■»<»<* ■*"> b, 

rV. (rouvy discusses the economic application of blast-furnace and 

U e7^ g bvtnX^t r “n! W ° rkKl “ nd Hh ° WS the H * viD 8 th«t can 
t>. effected bj an efficient installation. Tbe employment of tb. se cases 

for jiow.t purposes in ami about the works is exhaustively 5&ET 
In a discussion on large gas engines, A. N. Diehl • d'escribes the 
methods of cleaning and utilising the gas ,i, ., ut * en, ea u,e 
.he fto, u ,.„« Steelwork, of to. 

Utilisation of Blast-furnace Gases in w 

naces. -K. Buck* deals with the utilisation of bU?t7 earth Fur ’ 

1 ’reducer-gas bus up to the present “ Z L f r'.”' 
open-hearth furnaces, but is now becoming gradual^ ^ ' rf 

coke-oven gus, or rather a combination of hi i ‘ 8 , rs<>l J e<i ,b)* 

the melting of steel, tbe various eases n,, rHES™ require.) for 
give a giu. with a heating value oHFro.n C400 to^MfflnSfth ^ 
units. Experiments carried out at the Friedrich ^ ^ 

Mulheiin-Ruhr have shown that it is possible to'.! ' T mK A QtU ’ at 
gas alone, but the process requires consider,,hi ***• blast-furnace 

proltably affect the quality of the steel. The X™ vT^llnTtt! 

* Engineer, vol. ciiii. p. 253. 

* Practical Engineer, vol. *tiv. pp, &I7-041I 

* StaM und Eiien, vol xxxi. pp. Jogg jOOl 

‘ ihd , pp. 21107-2013. ’ 

• hid., pp !W3 1010 1085-1007, 1130-1 wo 

• UnlleHn de la SaciM de Undnitrie Mineral, Srri« v . , 

' Jr urn a! if the American Society „/ UrcHaniial ' V ° ' I’P- 207 32»1. 

• SUM and Eiien, voL xxil pp. lato-1301 tween, vol. xxxi.L pp. IO79-10K) 
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blast-furnace gas are generally mixed in the pro|ioi'tion of 1 to 4, the 
mixing taking place before the gases enter the distributing valve. 
1 hiring a period of over two years this combination of gases has been 
employed at the Friedrich-Wilhelmshutte with very good results for 
two acid open-hearth furnaces of 12 and 15 tons capacity respectively. 
At thoso works tho Must-furnace gas passes through a 231-incb pipe 
in a ratlier elevated position. The coke-oven g.is, however, pusses 
through a 10-inch pipe underground. The arrangement of the furnaces 
ns regards valves, regenerators, Ac., is the same as when producer-gas 
is employed. Results show that with u mixed gas with a heating 
value of (5400 to 7000 British thermal units the temperature of the 
furnace varied from 1700° to 1000° (J., according to the preqiortions of 
air and gas and the prevailing pressure of the mixed gus. It. was 
impossible to determine the exact proportions of air and gas, but on 
analysis no excess of air could be discovered The gases were* mixed in 
proportions varying from 1-3 to l~t>-5, which correspond respectively to 
8000 and (>000 British thermal units, au*l to au average temperature 
of the furnace of 1800° to 1500° C. For annealing furnaces in steel 
foundries blast-furnace gus might also be employed. In such cases it 
is advisable so to arrange the furnaces that the blast-furnace gus 
mixed with coke-oveu gas, or alternatively producer-gus, can be em¬ 
ployed as desired. 

Blast-furnace Gas Meters. —C. C. Thomas* discusses the prin¬ 
ciples i>f meters for the measurement of gases in large quantities. The 
Pitot and tho Venturi meters and the author's own electric meter are 
described, and au account is given of teste with the electric meter. 

E. Stach s discusses and gives diagrams of various forms of np]>aratu8 
designed in register the pressure and velocity of moving gases and 
vapours. For the former purpose various special types of mano¬ 
meters are explained, whilst far measuring the velocity of the gases 
either adaptations of anemometers or differential manometers may be 
employed. 

H. Contzen * gives an account of several forms of apjiarutus designed 
to measure the pressure and velocity of motion of gases and vapours. 

Cleaning of Blast-furnace Gases. —The “Hulberg-Beth” ap¬ 
paratus for the purification of Mast-furnace gus is described. 1 In this 
system tho crude gns enters the plant from the blast-furnace main 
pipes through au opening into a vertical air-cooler, which has at its 
lower end a water seal. In this cooler the gas is brought down to a 
temperature close to its dew poiut. Leaving tho cooler, the gas passes 
to a receptacle where the temperature necessary for the efficient work¬ 
ing of the subsequent filtering operation is obtained and regulated by 
means of a steam coil. It then posses to the filter apparatus which 

( Journalaf the Fmmtltn ! militate. vol. clxj.il. pp. Ill 460 

■ Stahl and Bite*. vol. xxxt pp. 175217.'*. 1880-1886. 

• /hit. , vol. xxxil. pp. 575 575. 

* Iran and I'aaJ Trndti Review, vol. Ixxxiv. p. 570. 
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ix installed in a wparate comjiartment, and consists of a number of 
sections in w hioh linen btgs are fastened by tbeir lower and upon 
ends to the floor nf the chamber, while the top ends are closed and 
earned by means of suitable supports. A fan exhausts the gas from 
the huen bags, whence it passes into the clean gn* main and is con 
veye.1 to the Cowjht stoves or engines. Further particulars of the 
4 Halber^-Beth process are given. 1 % 

A method devised by J. lluddinmn of applying the Mullen gas- 
washer to hot-blast stoves for cleaning the gas i* described. 2 

R. Hamilton 8 discusses the removul of dirt from gases of coal-fired 
blast-furnace*. 


Now that the waste gases from the blast-furnaces are washed with 
water to remove suspended insoluble materials before the gases are 
utilised for power production, large quantities of dusty water are 
constantly being produced, and tend to Injcome a source of difficulty 
to the ironworks. J5. Steuer 4 describes suitable tanks for storing 
this water, so that the dust particles may settle to a stiff mud and 
the resulting clear water be used over again. 

O. Johannsen 8 deals with the estimation of dust in flue-gases. 

I hree ways may be employed, namely (1) Passing the gas through 
aater and estimating the amount of suspended material left behind. 
Apart from the difficulty of manipulation, this metlusl yields uncer- 
tain results. inasmuch as all the dust is not given up to the water. 

“ , ie 8“ t throu 8 l ‘ asbestos or glass wool. (3) A third 

method lies m passing the gas through filter paper, and either deter¬ 
mining the increase in weight direct, or else converting to ash and 
determining the weight of the residue. 


rec B S?v U ml!i nff ? Ue Daat --7 A re r w ° “ P™ several patents 
recently taken out in connection with the briquetting of flue-dust. 

Asphyxiation by Blast-furnace Oases. -In the course of a retort 
on the cases of asphyxiation by blast-furnace gases that have occurred 
in Belgium between the years 1906 and 1911, A Brevre^ draws 
attention Ui the increase in the number of such accidents of late 
years. This m ascribed m part to the extending application of the 
gas as a motive power so that instead of, as formerly Wine con 
sumed in heating the blast-stoves and steam hnil m ,l - g j- . 

of u,. f„ rT . a. r 'Si 1 Z 

the proportion of carbon monoxide as the carl™ diom^eSElvlS 

• /iw and Coal TrnJri Kevin-, vo|. Ixjiiv ,, fji 

J Inn Trade Kevin*. vot. L pp. 434^55 11 0tM ‘ 

1 Journal ef the »f tit of Scotland Inn and Sint , . 

* SMI end Kim. n>L exxl ITM 17 ,a T* ”*• PP- 1W-10L 

« IHeL, pp 364 367. ,M - »«* PP- 

» Annaiu dr, Mine, de lietgxjue. vol. *rji. pp. 6&. 15< 
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out in the washing water. Apart from this change in composition 
the gas itself is already dangerous enough, the high percentage of 
carbon monoxide, as compared with coal-gas, explaining the ease with 
which fatal asphyxiation can he produced in a very short time, even 
in the open air. The danger is greatest in the cose of the purified 
gas, for whilst the crude gas contains fumes which reveal its presence 
und the imminence of danger, the purified gas is invisible and gives 
no warning of the risk incurred. The author discusses the cleaning 
out of the gas-mains and pipes, and describes various types of 
hydraulic seals and valves in use at the different works. 

British Blast-Furnaces. —The new furnace recently put into 
blast at the works of the Barrow Hiematite Steel Company 1 is 
HU feet high, 18 feet 3 inches in diameter at the bosh, and has an 
11-foot hearth and 10-foot bell. The body of the furnace is enclosed 
in a steel-plate casing, and is carried by a built-up ring-box girder 
supjiorted on ten columns 27 feet long. There are ten tuyeres, the 
cast-steel housings for which form a complete belt round the furnace. 
The lower part of the furnace is enclosed in a steel-plate casing, 
which extends from the bottom of the tuyere housings to about 
7 feet below the hearth leveL The furnace is provided with four 
downcomers coupled in pairs. The blast is heated in four Cowper 
stoves, each 28 feet in diameter and 65 feet high to the springing of 
the dome. The furnace is blown by five gas-blowing engines, each of 
1250 lirake-horse-power, which normally furnish blast at a pressure 
of 12 lbs., but are cnjtable of blowing at 15-lbs. pressure. There is 
also a set of quarter-crank steam blowing-engines to act in case of 
emergency. The steam for these engines is token from a range of 
eight Babcock boilers, which supply steam to the steelworks, and are 
fired with blast-furnace gases. The charger consists of an inclined 
built-up girder, on which runs a counter-balanced travelling bucket- 
trolley, a transporter-car for travelling the buckets along the line 
of bunkers, and two buckets for conveying the materials from the 
bunkers to the furnace. 

Russian Charcoal Blast-Furnaces. —M. .1 ossa 5 gives an account 
of cltorcoal blast-furnaces now being worked in the Urals. It is 
pointed oat that the method of pnxlucing the charcoal has an important 
bearing upon its value. The main details given for three furnaces 
are condensed into the following table :— 

• Iron and Coat T r,uin Rtrinr, vol. Imiv. pp. 85-X7. 

1 Garni Journal, I9U. pp. 903-309 ; Stahl und ft ten, vol. unit, p, SMS. 
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Iron Yielded. 


Description of ELa.it‘Furnace. 


1. At Kuwschinsk — Capacity, 
108 cubic metres; height, 
17 07 metres ; blast pressure, 
75 millimetres; blast tent- 
perature, 600" C. 

2 At Slatoust—Capacity, 158 

cubic metres; height' 1714 
metres ; blast pressure, 131 
millimetres; blast tempera¬ 
ture. 380-100* c. 

3 At Ssatkinsk—Elliptical cross- 

section -Capacity. 147H cubic 
metres; bright. 18-20 metres ; 
blast pressure. ^ o millimetres, 
blast temperature, 445“ C. 


Months 

of 

Work. 


| January 
February 
March 
I April I 

January 
j February 
I March' ■ 
April 

January 

Kebiuary 

March 

April 


Charcoal 

Required. 


Tons 
per 21 
Hours. 

Tons pm- 
100 Tons 
of Ott 

Volume 
in Cubic 
Metres. 

I Dry 
Weight 
in Kilo¬ 
gramme*. 

33 27 

57'52 

7157 

nsn 

35 22 

5000 

69.13 

1*71 

3575 

6819 

7 3162 

901 

31 3u 

5738) 

7888 

935 

07 95 

flODS 

4737 

750 

lUOUfi 

<10 90 

4 947 


10196 

60 S3 

4727 

750 

100-53 

8190 

4 534 

725 

80 10 

60 50 

4-389 

680 

10195 

60 10 

4-067 

687 

101 un 

60 10 

4746 

671 

mm 

5990 

4135 

654 


Ironworks in India.-C. P. Peria* describes the modern pro- 

K.° Xr.2? ““Sr *** 

... crnmnncl in IM ™d*rL,lrad tauTT 1 K, t’ 1 "“ t ‘ lr - T wort 

to 0 08 per cent in phosphorus. Kiehteen welM Wlt | h 006 

Ituvo been found in the Jberrin fi lf f coa] -* eaniB 

in thickness. The coal-mines are about lO^mHe 01 ^ ° ***! 

plant, and the dolomite and limestone quarries nbUnTlSfl mil^* 

Tata Iron and Steel Company’s rfJtWS b 12 ° “I' 1 **' Th ! 
Knlimnti, which is 152 BE tS tfcSSt ' t#W ? * 

blast-furmcDs, a 300-ton mixer four 40 . fan 1 There arc two 

bran, „d U, *».?!!£ ***?■• *”‘ 

rnomcry type. It m drad.l that it „„, lM 
attempt hy.pro.Juct recovery, in view 1 v,.. • ** un P^* ctlca ble to 
densing ammonia with water at temperature* lm P°?* , * n l ,t y of ®" n ’ 
110 “. The volatile content of the T 8 *”*. from »» 

cent., and its average ash is about 18 per cenl* [71^ U> *[ P 7 
strong coke. * oent - 14 Produces a lianl, 

jks * »•- 

who,, operation, «™.d „ „ ^ oU- 

' I'a|«rr real before Uie Nn Yurk Section r .1 
Engineers; Ire* Afr. sol. hrnviii. p 682 ol lh * American Institute of Mining 

* Schoolof Ahoti Quarter!,, vol. sxnti. pp. l«n 7I 
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iron and steel works; (2) To-yeh iron-mines und limestone quarry; 
and (3) Ping-hailing coal-mine and coking plant. 

American Blast-Furnaces- The two new modern Mast-furnaces 
under erection for the Minnesota Steel Company are described. 1 
The stoves are of the three-pass typo, 22 feet <i inches in diameter, 
lltO feet high. The furnaces will lie 21 feet G inches in the honli, the 
shells being lined to u thickness of only 12 inches. One of the novel 
features of the furnaces will he the dry-cleaning devices for eliminat¬ 
ing dust from the gas. From the top of each furnace there will be 
four uptakes, each leading into a centrifugal dry-gna cleaner, the 
downcomer pipe being taken off from the latter and discharged into 
another set of centrifugals at the bottom of the furnaces. These cen¬ 
trifugals again discharge into two others of larger sire, from which the 
gas is distributed to the various places for use-, some passing through 
/schocke washers and some going direct to stoves and boilers. The 
Neeland charging equipment will consist of a single skip with bottom- 
discharge bucket. The furnaces will be water-cooled from top to 
hottom. the boshes living fitted with copper cooling-plat* s, and the 
"hells with outside troughs clear to the top. 

1 details are given 3 of the blast-furnace plant of the Western Steel 
Corporation. These works, which are the only ones west of the Ilocky 
Mountains, are situated at Iroudale, Washington. The Mast-furnace 
is 5G feet high, 11 feet in diameter at the bosh, and G feet at the 
crucible. The blast is furnished by two vertical Wyrner blowing- 
engines, which are used alternately. The temperature of the blast 
is limited to about 900° F. The furnace is charged by hand, the 
ore being carried to the top by elevators. The ore bunkers have u 
rapacity of 1500 tons. The blast-furnace lias a daily capacity of 
70 tons, and was rebuilt in 1909. 

A description is given * of the new blast-furnace recently added to 
ihe Hast-1 ton plant of the Republic Iron and Steel Company. The 
furnace lias a bosh diameter of 22 feet, is 1G feet in diameter 
at the top, and is 90 feet high. It has a daily capacity of 50H 
tons. 

The two new blast furnaces recently erected at the plant of the 
Roger.—Rrown Iron Company, Buffalo, aro described 4 und illustrated. 
Both furnaces are 85 feet in height, und are equipped with 12 tuyeres. 
Kacli furnace is served with four Kennedy central combustion, two- 
pass stoves, 22 feet in diameter and 102 feet high. The three Tod 
blowing-engines are of the horizontal cross-compound type, with air 
cylinders placed in tandem with the steam cylinders. The engines 
are designed to blow against a normal air-pressure of 18 lbs. and a 
maximum pressure of 30 lbs. The blast-furtiaces have a ilaily capacity 
of approximately 350 tons each. 

1 /nm A/p. vol IxxxviiL p. 331. 

» turn Tridt Rn-irw, vol. nil*, pp. 1003-1 IKK 
» Und., pp. 113.V1I38. 

« IHd., vol L pp. 797-«a. 
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Australian Iron Industry— F. W. Paul,* who wm invite! by the 
Government of >ow South Wales to visit the State and report on its 
M 'ndustry, states that, both m regards quantity and 
lualitj. the ore ui .New South Wales combined with that, of the'other 
States warrants the expenditure of the necessary capital outlay for 
the equipment of blast-furnaces and iron and steel works for manu- 
factunng the whole of the iron and steel requirements of the 

le /T co, ; H,,,ers that th * »«ppk«» «»i A nd 

deveIoTme^ e * R t! eq,m I te ^J* 10 same P ,u 'l ,0 * e when the necessary 
elopment takes place. The author states that, given a modern 

Wast^furnace plant producing, say, 5000 tons of pig iron per week, 

E; f ‘;° Ul P ,lt of w,llcL «»• nee.1 in connection wK, a steel 

plant, pig iron, comparing very favourably with English hicmatite 

^ !,t I 48 ' F er ton > 7s. per ton lower than 

is found in good practice in England. 


Charcoal Iron Process. -Particulars are given s of a new process 
for the manufacture of charcoal iron devised by J. J. Hudsun whirh 
is in operation at the works of the Vulcan Charcoal Iren aS’d Steel 
L - Vnne V P , hil “ dBl P hi »- This consists in melting the 
the owi’^rth t.T' 0 ''' iD - a ‘leaigrne.i furnace of 

“ d j i ;; l “‘ l b > tbe “ 1 rf »ji •»-«•«. At™, ,1 

impuriti'es from ^ ,^® charcottl which eliminates the 

impurities from the molten maw. |hfiferent types of furnaces may he 

employed for the process, a 15-ton furnace bidn„ c ' , 

The character of the chiuve is remilatlTw?! ^’' S0< ! " t P re80nt 
to be produced, but b aU t»>e qrndity of the product 

increase the heat and continue the retain*. s!! ) U * ft u° Uh ., el 10 
silicon, and other impurities in L^SdSd T ? ■ P hos P horus - 

claimed; the mass being decarhiuiaed until the ° i* ?* ,nlu ' ,,nl ’ ** |s 
metal shows the quality of iron required T1 . M ' ' " ° iV*° 1110 5* 11 

of pig iron, wrought iron, or sLlTT' ^ ch ' irge U9Uilll - v 
Chemical analyses of eight, heats show: 


Carbon. 

Manganese. 

Silicon. 

Sulphur. 

Pliaiphonn. 

Per Cent. 
0 01 

0 035 
003 
003 
0028 

0 03 

0-01 

o-oi 

Per Out. 
0-06 

0-08 

0-07 

008 

OOti 

006 

0-07 

o-u 

P« Cent 

0 -Olfi 

0*020 

'1-023 

o-oio 

0H83 

0 "O)6 

0021 

0017 

Per Cent. 
0-021 

0 035 

0031 

0032 

0032 

0039 

0024 

0030 

Per Cent. 
0022 

0 028 
01131 
0014 
0010 
0028 
0024 
0022 


- Iran TraJe Kevin, roL I. p. 961 . 


' Engineer, »ol. exui. pp. 2 la 210. 
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Physical tests of one of these heats gave the following resalts : 


Elastic Limit 

Tensile Strength 

Elongation 

Reduction 

Pounds per 

Pounds per 

K Inches 

of Area 

Square Inch. 

Square Inch. 

per Cent. 

per Cent. 

27.700 

43.200 

27 25 

69-6 

29,600 

43,000 

25-5 

75 


Electric Smelting of Iron Ore — O. Frick 1 discusses the results 

obtained in the electric furnace at Trollhiitt&n, Sweden. He con¬ 
cludes that tho results prove that tho electric reduction of iron ore 
can be carried out in a technically satisfactory way, although the 
process is open to improvements by which the cost of production can 
he reduced. By eliminating the water from the circulating gas, the 
coal consumption can be reduced by about 14 per cent., and the use 
of burnt lime instead of limestone will secure a further economy as 
there will be less carlton dioxide in the gas, which will thereby 
become more strongly reducing. Other considerations lead to tho 
belief that further economies can be effected. Tables are given show¬ 
ing analyses of the raw materials, gases and slag, and the amounts of 
raw materials employed per ton of pig iron, together with appendices 
showing the coal and power consumption during various periods. 

J. A. Leffler* criticises some of the statements made by O. Frick 
in regard to electric redaction of iron ores at Trolhattan. 

J. J. Smith * controverts the assertion that the white ap|aarance of 
the blowholes which occur in a low-silicon, low-carbon pig iron producer! 
in the electric furnace is due to the entire aliseuce of an oxidising 
condition and of oxides in tho hearth of the electric furnace, and 
points out that he has made white iron full of similar blowholes in a 
charcoal blast-furnace. These blowholes are produced by the action 
of the imperfectly reduced ore in the hath reacting on the carbon 
(presumably that dissolver! in the iron) and thereby forming carbon 
monoxide. The electric furnace will come into its own in time, but 
the growth should be a natural one, unhindered by extravagant claims 
which sometimes tend to excite ridicule. 

T. I). Robertson 4 deals with the working of the electric shaft- 
furnace for smelting iron erected at Trolhattan, Sweden. 

J. B. C. Kershaw* reviews recent developments in the electric 
smelting of iron ore, and describes the various furnaces in use, includ¬ 
ing the Stiuisano, Keller, H moult, and G run wall types. 

P. Nicou • gives an account of experiments earned out at Trolhattan 

> Metallurgical attd Chemical Engineering, vol. ix. pp. 631-639. 

• Ihd., voE i. p, 71. a Hid., vo!. ix. pp. 624-625. 

4 Paper read before the American Electro-Chemical Society; Mechanical Engineer. 
vol. xxviii. pp. 815-817. 

• Iran Trade Review, vol. 1. pp. 41—Iti. 

• Revue 4t MHallurgit, Mtmairti, vol. lx. pp. 209-252; Revue Univerulle dei Mima, 
Series IV. vol. xxxvii. pp 127-184. 
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from November 16, 1910, to May 29, 1911, with numerous tables 
showing the working of the furnac.-s, estimates of the cost, analyses 
of the mu ter nils employe,! and of the charge*, the pig iron prod need, 
the slags and the gases. The results were highly favourable to the 
process employed, and showed that pig iron may profitably be obtained 
in Sweden by the electric process as cornered'with the ordinary con- 
uttions of charcoal smelting. 


Native Methods of Iron Manufacture —Notes ar<> given* of 

the native methods of obtaining and working iron in North-west 
Cameroon. The blast-furnace is built of clay, and is fit tel with four 
tuyeres, hog ore, charcoal, and wood are charged into the furnace, 
and the molten metal runs into a hollow below. 

“5"** Iron.— O. Johannsen * draws attention to the tract 
wntten by the Horence architect, Antonio Averlino, under the name 
of Filarete, between the years 1400-1464. In this tract is given a 
graphic account of the methods adopted f or extracting iron from its 
ore The fuel and ore were thrown in at the top of a stone furnace 
and a blast supphed by powerful btdlows of oxhide worked by water’ 
power. Two such bellows were attache to each furnace, hut only one 
nozzle or tuyere The molten iron collected just Mow the tuyere and 
when suthnent had been produced, u fresh hole was made immediately 

filMwS “if * “ lloWKl «,t into a trench 

filled with water. If u costing was required in tin's metal it was only 

nectary to place a mould between the furnace and the trench and the 
meUd out* way to the latter would fill the mould, the ex,,-as Mlectinc 
in the. trench. The casting was removed when cold. heSStnTmS 
in other furnaces, and worked with a , . ,, 1 

The existence of this tract shows that even in the lift f ^° > ’ 

cart irou was valued and produced on a relatively 

J. Lewis 3 m a lecture hefore the A^eutin,, . t \\ \ a 

describes the <*rly manufacture of i rou itJ Sussed The «uW 
period reouidtd in connection with ,K.. ;...i_ . ' " ullest 



nnio^y much” ^ 

worked. Probably as far hack as rw7 T ^ beTO m,, “ d “ ,1 
learnt something of the value of iron from their Conti^M h “ V *‘ 

who were using it to a limited extent, hut with , U neighbour*, 
figure about which much discussion ha.I »*.; L eX 0 k? P tilon m °f ft 

article of pre-Roman or even Roman times. LW^ W “ 0 finipl .‘ ,Hl 
wm brief, anil it was not until their n nrj. ...l ?** * niht occupation 
seriously attempted to revive or no •ill' that the Romans 

industry. PmcS, u^'Z 

making in the southern counties until 1844 wh , phlU ^ ° f lr ° n ' 

row, when excavating opeia- 

- Aiwa. toL mi. n 1477 

» IhJ ., pp. IU6O-I0G3. P- 14< < • 

ItvmmuHftr, vol. czxzviii p. 44*. 
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tlons proved, from articles found, that at Mansfield there had Iwn 
important ironworks covering an arm of about seven acres This 
discovery led to investigations in other parts of the country, and 
among other places, similar remains were found at Bathurst, Chid- 
dmgly. and beddlescouibe. It is significant that in Domesday there 
was no reference at all to the Sussex iron industry. The No', mans. 

;‘ 1, {T r t0 ru‘ V " re ° , T m ‘ <i , tlw workin g». but it was not until 
, that Henry III granted a charter to the citizens of Lewes, 
whereby they were allowed to levy toll on all iron brought into the 
town. There are further records, dated 1290, showing that ironwork 
was supplied for Westminster Abbey. The earliest reference to cannon 
was in 1301, when they were made at Amberley. The earliest tilt- 
hammer was in all probability a cunterUInnced tool, upon the free- 
end of which the workman stepped in order to raise it for the blow 
There is unfortunately no proof to show when the problem of the blast 
was first met effectively Undoubt,slly bellows were used, first single 
and then double, and these were also operated bv water-wheels. In 
due coarse, however, the casting of cannon grew 'to considerable pro¬ 
portions, and there is one known transaction entered into in the 
sixteenth century for the Duke of Cumberland for the supply of 
forty cannon of 3 tons weight each. With regard to the hamme* 
the “uthor refers to a remarkable striker which was found in India 

‘ 7 l„ " wben , t 1 b L-, r ' iil c“- V was b ‘' in n' built l»etween Allaluibad 
and Juhbulpore. W hilo digging for ballast the contractors oune 

hmd S mU<1 MlJ n( ' ar by was found a hammer- 

™ ." b cl '™ curiously like the tool which subsequently became 
faindtar to the Sussex ironworkers. Approximately it was 24 inches 
ong, 16 inches wide, and 9 inches thick, and roughly heart-shaped • 
the beam*" fULrt P lneh<Hl in * presumably to provide shoulders for 

tJftSSS&SP B “ 1 » ian metallurgy Baron de Lavelaye > sUtes 
that .odefnnd Box, of LnSge, built the first foundry in Kngland at 
I a, tf,»d in 1 ,ho -n, e manufacture of pocket-knivm was aUo intro- 

dSIfci tSSSJ i0 “ 5r>0 Bel *»*»« bam the Walloon 

of These knivea arc stiU known os “ Joctolegm,” a corruption 

f Jacques de Lidge. When gun-barrels were first made by Ralph 
Hogg in his ironworks in Sussex in 1543 he employe,! a Belgian 
gunsmith. Pierro van Collet, to make the ammunition. ' 

ir ' • *'T aD ao 5 ount Tbe early blast-furnace practice in 

l pper . ilesui. At one time the country possessed almost inexhaust¬ 
ible quantities of wood, so that the early blast-furnaces were worked 

Tf rokl’»',T I l0 , 1 ‘ 8 V , ‘ " tten,pt m,Mle employ a mixture 

111 tW ° jmn ,ater peat and ch: ‘^ trie,! 

together. Neither of those experiments proved very successful. At 

the beginning of the nmoteenth century several blast-furnaces were 
worked entirely with coke, but owing to the employment of poor coke 


1912.—L 


1 Eijpnttr. vo|. ciui. p. H6J. 

* Stahl uhJ fiiw, *ol. xxxi. pp. 1526-163J. 
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and too weak a blast several years elapsed before the industry showed 
signs of serious improvement. In 1850 Upper Silesia possessed no 
fewer than sixty-six charcoal and thirty coke blast-fnrnaces. 

Mathesius 1 gives an historical account of the development of the 
German iron industry since the introduction of the busic Bessemer 
process. Statistics of production are quoted, and the technical im¬ 
provements in metltods of production and manufacture are mentioned. 

The history of the metallurgy of iron in Japan is described by K. 
Nishio.* Iron was formerly smelted fr om the magnetic Band in the 
regions of Idzumo, Iwaiui, Bitchu, Bingo, and Aki. In the valley of 
the Tojo river there were no fewer than 267 places worked for magnetic 
sand in 16< 1. At the beginning of the eighteenth centurv the metal¬ 
lurgy of iron received an impetus from the invention of balance- 
bellows, which superseded the old tread-bellows formerly used which 
required eight men to operate. Shaft-furnaces were built in 1855 at 
Kobui, Oshiurn, and Hokkaido. The Kamaislii iron-mine was dis¬ 
covered in 1823. Smelting was commenced in 1849, and iu 1860 
shaft-furnaces were built to smelt the ores. 


II. — BLAST-FURNACE SLAGS. 

Composition and Uses of Blast furnace Slag. — H. Fleissner® 
discusses the properties uud uses of blast-furnace slag. The results 
of melting-tests of slags of various compositions are given. 

Utilisation of Waste Heat of Slags.— Particulars are given * of 
an experimental plant for the utilisation of waste heat from blast, 
furnace slags. In the plant described which is installed at the iron¬ 
works of Sir B. Samuelson * Co, Limited, Middlesbrough, practically 
the whole of the heat in the slag U effectively imparted to the water 
in the boiler, the steam generated being used in a low-pressure turbine. 

a - V8 !; em “ b(u,od *• Vnutin P atent - Chemical analyses have 
shown that no trace of sulphuric acid can be detected in the steam 
when condensed; that tho amount of sulphuretted hydrogen is not 
sufficient to be harmful to tho blades of a turbine: that the steam, 
though almost instantaneously generate.!, is superheated about 70° F.: 
and that the quantity of steam generated from a furnace producing 
1800 tons of slog per week could safely be relied upon to develop 500 
kilowatts of electric current per hour with an expenditure of 6 horse¬ 
power for operating the plant. The following figures may be taken 
as representative of the quantities of the principal constituent* in a 
large number of samples of granulated slag aAd condensed steam 
analysed from time to time. 

** — ***"■**» January 1919. PP - 

: a 

* /rm and Coal Tradii Arrmr. roL iMxrTpJ 
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Slag—silica, 28 5 per cent.; alumina, 19 per cent. ; lime, 36 4 per 
cent.; sulphur, 1*12 per cent. ; iron, from 0’7 to 2'5 per cent. Steam 
(ingrains per gallon)—chlorine, 0'4 ; total sulphur, 10; sulphuretted 
hydrogen, 3; acid, 0. 

The corrosion of the shell of the boiler, after alternately working 
and being exposed to atmospheric influences for several months, i* 
quite normal and uniform, showing no sign of pitting. A quantity 
of clean mild-steel drillings was plaeed in a sample of tho condensed 
steam, and at the end of a fortnight the water was drainer! off and 
found to contain no traee of iron. 

Crushing Slag. — C. Abels 1 gives a description of a plant for the 
crushing of blast-furnace slag which has beon erected in Stieringen. 
'I he blocks of slag from the bogies are allowed to cool, and then 
broken by hand with hammers to pieces not exceeding 25 centimetres 
in diameter. These pieces are taken by trolleys attached by an end¬ 
less chain to the breaking-house, where they are crushed and sieved. 

Slag Cement. — H. Posrow 2 draws attention to the value of iron 
Portland cement for constructional engineering purposes. 

II. Fleissner* discusses the utilisation of blast-furnace slag, and 
gives an account of several different methods for preparing cements 
therefrom. 

1 Stakl uni F.iun, toL >xxii. pp. 614-017. 

* l Hi., pp. 477 480. i /Hi., pp. 984-981. 
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Cupola, Construction- — M. Albuetz 1 discusses the construction 
of cupola linings and the material of which tliey are composed, 
together with the relation of fluxes and slag thereto. The cause of 
the rapid destruction of the lining is also dealt with. 

W. J. May * in dealing with the repairing of melting furnaces 
indicates the method of construction of linings which facilitates such 
work. 


Portable Cupola for Emergency Work.— H. M. Lane* de¬ 
scribes the construction and operation of a small cupola, of a portable 
type for emergency work when it becomes necessary to effect imme¬ 
diate repairs to mining machinery. The cupola ran be used either 
with anthracite coal or with coke, provided the sulphur is not too 
high. The special conditions which require to ho observed in working 
a small portable cupola of tins nature are described in detail. Such 
a cupula can 1 h* used for a variety of purposes, and is a valuable 
adjunct in railway work. 

He also describes* foundry operations generally, with special refer¬ 
ence to the repairing of mining machinery. 


Cupola Practice —A new form of combined cupola and air 
furnace, known as the Holland cupola, is described and illustrated. 5 
A vertical cupola is charg'd in the usual wav, and the iron may be 
drawn from the cupola it. part, leaving the remainder to flow into the 
reverberatory or an furnace. Oil fuel i* ^,.,1 in t||e latter all j 
a dose degree of control may be hnd over the oil-burning flame 
■ u the heating and purification of molten metal in the levcrbero 
tory. Into the molten mass in die reverberatory furnace the finelv 
d.v.ded particles of metal, such os filings, borings, ami turnings, are 
added. If it were attempted to utilise them in the vertical cupola, 
the metal granules would be earned away by the blast or to a large 
extent quickly oxidised. The boated gases from the reverberatory 
are conducted to the cupola, so that a maximum utilisation of the 
heat generated is accomplished with a resultant increase in melting 

* J /ti'J!lpp / 79U7^r naJ ' ToL * iiL pp - 500 roww. 

3 Engineering and Mining Journal. vol. *di tm 804-ttm 

* na.. pp. (M7-H61. (W-StW, tWMMO PP ’ ^ 

* Iron Age. vol. Wsrriii. p. *144. 
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capacity, as u plant in Brooklyn has shown. The slag from the 
cupola passes into the reverberatory on top of the molten iron. 
When all the metal from the cupola is drawn through the rever¬ 
beratory furnace, a higher-grade product is obtainable than would 
otherwise be the case. Arrangements can be made for using other 
forms of fuel than oil for the reverberatory furnace, and the blast cau 
be preheated slightly. 

K. Lelwr 1 gives an account of the progress obtained in foundry 
practice daring the last ten years. 

In his presidential address to the Slutlb'M I'.ranch of the British 
Fouiidn men's Association, P. Lougmuir - deals with the development 
of iron and steel founding. 

An account is given “ of Herman and other iron aud steel foundry 
practice. 

Foundry Mixtures. —A. W. Whitney, 4 in dealing with the con 
trol of mixtures for cast-iron car-wheels, discusses the advantages of 
the microscope in car-wheel practice, aud gives some remarkable 
examples of cast-iron chills. 

Use of Scrap iron Briquettes in the Cupola. —It is customary 
to briquette cast-iron drillings before using them in cupola practice. 
II. Adamruer, 5 however, points out that the drillings may be utilised 
direct in the cupola with advantage. He claims that the loss incurred 
is considerably less than that given by Messerschmitt,® provided suit¬ 
able proportions of the cast-iron scrap are employed. 

Recovery of Iron from Foundry Waste — O. Itietkbtter ; draws 
attention to the enormous quantities of good iron thrown away in 
foundry slag-heaps. It is not an uncommon thing in Germany for 
the waste Blag from cupola furnaces to contain as much as 12 per 
cent, of its weight of metallic iron. This is mostly present as small 
pellets firmly fired in and scattered throughout the mass of the slag. 
Even in the most economical cases the quantity of iron amounts to 
4 or 0 per cent When one considers the vast quantities of cupola 
slug produced throughout the civilised world, the loss of iron thereby 
entailed is tremendous. Tim author points out that several firms in 
Germany now crush their cupola slag in order to liberate the frag¬ 
ments of iron, and subject the whole to magnetic separation. Several 
adaptations of the well-known revolving-drum electro-magnetic sepa¬ 
rators are described and illustrated, as being particularly suitable for 
the purpose in view. 

In view of the notable tendency at the present time to recover iron 

1 Stail usd Firm, rot xxxii. pp. 52)r-333. 

* Foundry Trade Journal, nil. xiv. pp. 104-107. 

* Stahl umd Firm, »oL ini. pp. 1957-1'JtiU 

* fnm Trade Rrttnr, vot L pp. 559-002. 

* SUM rmd Fites, vuL nil. pp. 1790-1800. 

* JHd.,s oL xx*. pp. 2004-2071. 

» /lid., voL xxxt pp. 1790-1792. 
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from waste products in ironworks, foundries, and blast-furnace plants. 
G. Freimut 1 gives an illustrated description of the Rietkotter-Kiihn 
apparatus designed for the purpose of separating iron from rubbish 
in the foundry. The apparatus comprises a system of stationary 
magnets formed of two pole-cores, each composed of a bundle of mild- 
steel plates, surrounded by copper coils arranged to give opposite 
polarity. The whole is mounted on a shaft firmly secured at two 
points. The individual plates of tho pole-cores are bent ill the form 
of a secant townrds the cylinder casing, thus ensuring uniform distri¬ 
bution of the magnetism over the zone destined for the separating 
process. The casing which rotates about the magnet system is made 
of powerful iron liars of zig-zag shape, engaging in one another, aud 
secured to a gun-metal hub rotating on the shaft. In passing by the 
magnet system the bars of the casing are converted into secondary 
{Miles, which retain the iron until it has been carried out of the sphere 
of influence of the lines of magnetic force. The conductors for the 
electric current are led through the hollow shaft in order to avoid 
the use of contacts and brushes, which are undesirable in foundry 
work. As the cylinder bars pass by tho magnet system a con¬ 
tinuous inversion of polarity occurs, with the result that the iron 
retained on the casing is maintained in constant motion, so that 
it is well freed from sand, and is recovered as a pure iron product. 
Since the lines of force generated by the electric current run in 
the same direction ns the material to be transported they are able 
to act to the best advantage, and all losses by dispersion are pre¬ 
vented by tho use of suitable precautions. Particulars of a plant 
installed at the GeUcnkirchner Ilorgwerk, A. G., Rothe Erde, Aix- 
ln-Chapelle, are given, together with figures showing the return from 
such a plant installed for treating a spoil-heap and dealing with 10 
tons of material per hour. 


Foundry Equipment — A description is given * of a 30-ton travel¬ 
ling-crane with a revolving jib, which can be turned and guided under¬ 
neath and between the crane-track girders in such a manner as to 
serve the eutire floor of a foundry and permit of castings being taken 
from one part of the Bhop to another. Two such cranes of 30 tons 
lifting capacity, and two of 15 tons, have l>een installed at the works 
of Thyssen <fc Co., Mulheim-on-Ruhr. 

An* illustrated description is given * of a now overhead foundry- 
crane installed at the works of Thyssen k Co., of Mulheim-on-Ruhr. ’ 
An illustrated description is given 4 of a jacketed foundry Indie de¬ 
signed for keeping accumulated molten metal at the same tempera¬ 
ture as when it leaves the cupola, in cases where the latter is not 
sufficiently large to melt in one heat the whole of the metal required 
for a casting. The ladle, which is made of cast steel, is surrounded 


1 rmaary 1 rode Jta rnal. vol. xiti. pp. 577-580. 

* fM.. pp. 752 7*1. W 

* , ’y m *** " ,J ‘> Htvitw, » 0 l. Uxxtil. p, 80S. 

' Hmairy Trail Journal, vol xir. pp. lflft-107. 
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up to the Wei of the trunnionB with a jacket, thus leaving a space of 
from 1 to J inches. Into this space a sufficient supply of hot gases is 
introduced, the latter being obtained from the waste gases of the 
cupola or from some type of mould drier. The hollow space extends 
over the whole area of the Imlle bottom. The temperature of the 
gases is from 400° to 500° F., and the accumulation can, therefore, 
extend over several hours without the metal being affected by chill. 

In view of an accident that occurred owing to the inefficiency of 
the catch of a foundry ladle that was intended to prevent its acci¬ 
dental overturning, a safety device was substituted, of which an 
illustrated description is given. 1 On the squared trunnion of the ladle 
a bar of about 1 foot long was shrunk and pinned. When the ladle 
was in a vertical position one end of this bar rested on an adjusts >le 
screw, and beneath the other end of the bur was a catch, pivoted on a 
pin, having sufficient potential movement to enable it to clear easily 
the end of the Ur. By means of this device, the action of which is 
described, the ladle, in its vertical position, is locked eo that it cannot 
move when being filled or removed from one place to another, neither 
can it rock. The ap|iaratus is adjustable to the wear of the trunnions 
and other parts, and does not interfere with the handling of the ladle 
by the crane. 

An illustrated description is given* of the mechanical handling 
arrangements in the annealing department of a mtilleable iron foundry- 
producing bulky work in large quantities. 

H. S. Green 3 in dealing with modem foundry equipment describes 
and illustrates various machines and appliances that are employed in 
present-day foundry practice. 

Oil-flred Open-hearth Furnaces for Steel Foundries- I he 

equipment of the steel foundry of the National Brake and Klectnc 
Company, Milwaukee, is described 4 and illustrate*!. This includes two 
acid open-hearth furnaces, one of 15 tons capacity and the other 5 tons. 
The large furnace is of the Campbell tilting type, and uses crude oil 
for fuel. The oil is pumped to the furnaces under a pressure of 60 lbs. 
per square inch. Two burners are provided, one for each end of 
the furnnee, and are used alternately. The burners ore exceedingly 
simple. There are two upright pipes, each provided with a regulating 
valve. One pipe carries oil, and the other air under a pressure of 
80 lbs. per square inch. The oil and air pipes are joined at the 
top by double elbows, which act as trunnions and terminate in a 
single" long burner. About four hours are required to melt a 12-ton 
heat. Only two heats a day are tapped from the furnace. Suffi¬ 
cient oil is burned in the night to keep the furnace warm enough to 
avoid excessive expansion and contraction. 

I Foundry Trade Journal. voL nil. pp. 738-729. 

i Paw-r" , rarf > befocc l Uw Halils* Branch of «he British Foundry mco'i Association. 
December t<>, 1911; Foundry Trad* Journal, vol. riv. pp. 90-93. 

* Iron Trade Ftviete. vol. alia, pp- 911-930.J 
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A description is given 1 of the arrangement and equipment of the 
new steel-casting plant erected by the Union Steel-Casting Company, 
Pittsburg. The melting equipment consists of two 25-ton acid open- 
hearth furnaces, designed to burn either prodaeer-gus or oil as fuel. 

L. Rich&rine 2 gives dimensional drawings and illustrations of an 
oil fired open-hearth furnace employed at the Tsaritsvne Works, Russia, 
for the production of steel castings and special stee'l. The furnace is 
heated with residues derived from the distillation of naphtha. There 
are two air-chambers, and the hearth is composed of a double layer 
of magnesia Wicks. The hearth is covered with a false bottom of 
granular magnesia mixed with 25 per cent, of slag and rammed hot, 
while the bock wall and the ports are built of magnesia bricks, with 
the exception of the upper portions, which are faced with silica brick, 
and the roof is made up of silica bricks. The furnace ran from 
April 23, 1907, to November 17 in that year, and made 1129 charges 
before it was necessary to shut down, only eight days being required 
for repairs, and the succeeding run comprised 1694 charges. By this 
time the roof was in bad condition, and advantage was taken in making 
repairs to alter the curve of the arch and to introduce further rnodifi 
cations. 1 lie cost of the installation and the cost of making steel are 
given in tabular form. The capacity of the furnace is from 4 to 4| 
Urns per charge, and the number of charges obtained per twenty-four 
hours averages 57, taking the figures given for the first run: for the 
second run was carried out under more favourable circumstances, and 
it was possible to obtain six charges per twenty-four hours, and some¬ 
times even seven. The oil residue or maxout, as it is commonly called, 
has nn average density of 0 91 at 15*. It ignites at 70\ and has a calorific 
value of 11,200 calories. A special injector is employed for feeding 
the fuel, which is pulverised during injection by compressed air. The 
T^teyne \\orkH possess seven other 20-ton open-hearth furnaces, 
e w io e o • ma enal is charged cold. Thev make on an 
average three charges a day each, and under certain conditions four 
charges can be obtained. 

Converters for Steel Foundries.-Deuils are given* of the 
working of a small Be~emer plant for steel castings, together with 
figures relating to cost of production as obtained from German pm.- 
tnv. The small converter may- also be employed tor making coat iron 
of high breaking strength. The method consists in mixing white iron 

molten pig^the rosulttog meUl^S^ 0 £ convertor with 

castTron ”r£°hi \ t * mi>erntme thttt “ "nattainablo bv^ kind of 
cost iron. The high temperature of production of this" spedul grey 
iron-the characteristic composition of which is 2-3 STwnfTf 
carbon, 1-2 p«r cent of silicon, and less than 0 5 per cent of man- 
ganese also gives ,t excellent physical properties The cost of 

* Foundry Trndt Journal, vet xiii. pp. -(W-TW. 883 M °‘ 
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production is about £1 pur ton more than that of good cupola iron, 
illustrations of possible methods of arranging a small convertor plant 
are given. 

Oil-fired Converters for Foundries.— W. Stock 1 describes his 
oil-fired converter process for the manufacture of steel. 

Au illustrated description of the Stock process for the production of 
steel castings, as recently installed at works in Darlington, Sheffield, 
and elsewhere, lias appeared. 1 The process involves the use of u new 
tyjte of small Bessemer converter, and the converter installed by the 
Darlington Forge Company at their works is one of 3 tons capacity. 
One of the features of the process is that the cupola is dispensed with ; 
the melting of the metal previous to bluwing being accomplished in the 
converter itself, crude oil being used ns fuel. The vessel is of oval 
section, so its to ex|Kw« the largest possible surface of the metal to the 
action of the oil burners, and the tuyere box was designed for the 
most effective action of the blast and of the oil jets. The converter 
is lined with silica brick running up to u thickness of 13 inches 
around the tuyeres. For convenience of working, in addition to the 
mounLing on trunnions working in roller-bearings, a turntable is pro¬ 
vided for the revolution of the vessel. Three tons of pig iron and 
scrap cun be charged by three men in about ten minutes. After 
charging, the vessel is moved through an angle of 90° into the {Misition 
for melting. Here the nose of the converter is pointed toward the 
air-heater or economiser. The hot gases from the burning oil are 
<lruwn through the heater by means of the chimney-stack. Blast is 
supplied in the case of tho 3-ton converter by a Roots pressure-blower 
with a capacity of 3000 cubic feet per minute, tho blowing pressure 
varying from j lb. per square inch for melting to 3| lbs. per square 
inch as tho maximum for converting. Air from the blower is delivered 
into the beater through the inlet pipe shown, and after passing through 
the system of pipes goes to the converter. In melting, the air which 
|»asses through the tuyere enters the vessel at a temperature of about 
800° F., and in the burning of the oil a very close appranch to perfect 
combustion has been secured. With a 3-ton converter the metal is 
melted in about 1£ hours. The blow which follows takes from 15 to 
25 minutes. Thus a blow every two hours can ordinarily lie made. 
The oil used for melting is forced by the blower or by an air-compressor 
into a smaller tank which contains a sufficient quantity for five to six 
meltings. This service tank is fitted with a coil through which hot air 
or steam can circulate so as to decrease the viscosity of the oil With 
liquid fuel for melting there is no taking up of impurities in this 
process. The high temperature of the melted charge permits of using 
pig iron low in silicon as well as high percentages of scrap, and a 
very fluid steel is secured, making it possible to obtain difficult and 
intricate castings. 

* Paper read before the Sheffield Branch of the British Foundrymen’r Association; 
lum and Can/ Tradtt Review, vol. Ixxxiv. p. $43- 

* Iron Age, rot Uwvjii. pp. 99M-99R. 
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F. C. Perkins' also describes the oil-fired convertor that is in use nt 
the works of the Darlington Forge Company, Limited, Darlington. 

Pressure of Liquid Iron on the Mould. —In dealing with the 
pressure of liquid iron on the mould, it is stated * that long castings 
should always be poured in a vertical position in order to obtain 
the fullest advantage of the faerostatic pressure which drives the 
specifically lighter slags, gas, air, steam, and sand that are present 
in the mould upwards, so that the casting becomes clean and dense. 
1 he pressure of the iron in kilogrammes per square centimetre of the 
mould wall is given by the expression: — 

OT x height of metal (metres) x specific gravity of metal (7"25). 

Therefore, for a pipe 6 metres (20 feet) long, there would be a pressure 
upon the bottom walls of the mould equal to 01 bv 6 bv 7 25, equal 
to 4 35 kilogrammes to the square centimetre <Ol*77*Ib«. to the square 
inch), or 4-35 atmospheres. The larger the area of the casting, and 
consequently the liquid iron, the greater is the upward pressure and 
the nae of the iron. An iron plate 3*3 feet square poured from a 
height of 10-8 inches sustains a pressure of 3 08 ibs. to the square inch, 
the pressure working upward being equal to 4875 lbs., thus showing 
the need for care in constructing the moulding-boxes. 


Foundry Patterns and Moulding. — In view of the trouble ex¬ 
perienced in making thin castings of large area on account of warping, 
tind that unequal cooling in different parts of the casting may cause it to 
twist or warp so badly that it may become worthless, H. E. Thompson 3 
has designed a moulding-ila.de, by the use of which it Ls claimed the 
troubles incident to such castings can be overcome. The flask is 
equipped with a number of straddling abutments resembling small 
jack-screws, which are damped to the flask ham, both in cope and 
drag, and screwed down to such a position as to bear against the cast¬ 
ing and bold it in shape while cooling. 

C. T. Schaefer 4 describes and illustrates a method of making a 
pattern for and moulding* doable-cylinder casting for automobile and 
aeronautical engines. 

At a meeting of the Lancashire Branch of the British Foundrvmen's 
Association a discussion took t-lnce upon the selection of iron for cer¬ 
tain castings, the qualities of moulding sand.-, u„d the venting of 
moulds and cores.* 

An illustrated description W given • of the design and construction 

nszstivs ?' 68 “ »'•> 

I Mina amd Mineral,. vol. xviii. p. tdZ. 
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T. F. Handyman' describes and illustrates a cheap and effective 
method of multiple-moulding on an ordinary hand-pressed or an 
hydraulic moulding-machine, the only extra cost being in some cases 
an additional pattern-plate. 

A. K. McClintock 1 describes a universal pattern-boanl devise 1 to 
facilitate the mounting of split patterns for jarring machine use. 

The method of moulding large slag ladles as carried out at the works 
of the Prime Steel Company of Milwaukee is described.* Each ladle 
is a solid-steel casting and weighs 20,000 lbs., and is 10 feet 5 inches in 
diameter at the top aud 8 feet 6 inches deep inside. The mould is 
made in a pit, the ladle being cast right side np. 

An illustrated description is given ‘ of a method of moulding an 
externiil-ilange cylinder, or largo tlnngo-pipe in loam. 

An illustrated description is given “ of the moulding of an internal 
flange cylinder in loam. 

Details are given 41 of an intricate iron monld for casting small 
projectiles, also a machine for making grate bars. 

J. H. Eastham 7 describes the moulding of a bailie plate of unusual 
shape. 

A method of green-sand moulding without jwitterns is described s 
and illustrated. 

A system of storing patterns, and handling them as required, as 
practised at the works of the Falk Company, Milwaukee, Wisconsin, 
is descrilved by C. A. Tupper.® 

Pipe Moulding. —An illustrated description is given 10 of the 
Herbert system of continuous pipe moulding and casting installed 
at the plant of James B. Clow A Sons, Coshocton, Ohio. 

An illustrated description is given 11 of a process of casting iron 
pipes without cores, designed by H. Molinder. The process is carried 
out in a rotary mould, which, in operation, is revolved at such a 
speed that the centrifugal force throws the iron outward in the 
mould as fast as it is poured in, and in such a way that it flows 
out and produces a more even thickness than it is possible to obtain 
by other methods. 

Foundry Cores. — An illustrated description is given 17 of a plant 
for tho economical making and handling of foundry cores. Apart 

1 Foundry Trade fountal, vol- xiil pp. (Bit 061. 

* Paper read before the National FounrfcrV Auociatkin; Iran Trade Kevin*, vol alii, 
pp. 1013-1015. 

* Canadian Machinery, vol. will, pp- 39 31. 

* Foundry Trade Journal, vol xiv. pp. 80-82. 

» /hid., pp. 156-162. 

J Iron Trade Kevin*, rot. L pp, 947 960. 

* Canadian Machinery, vol. vie p. 312. 

* Etien Zeitung, vol xaalL pp. 741-742. 

* Iron Age. voL laxaviii. p. 330. 

>“ Mechanical Engineer, vol xala. p. 36. 

n Engineer, vol cxiti. pp. 497 498. 

** Canadian Engineer, Foundry Trade Journal, vol. aiil pp. 663-664. 
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from the general compact ness of the plant wherein the corenmkor's 
bonehe* are close to the ovens, and near to both benches and ovens is 
a set of cooling and storage racks. Passing dose to these in such 
a manuer as to serve them all, is a conveyer, consisting of cars of 
t.wo shelves each, suspended at about bench-height from an overhead 
rail, which serves for carrying green cores from the benches to the 
ovens, n nd baked cores from the ovens to the cooling and storage 
racks, cores from the storage racks to the moulders, and finally for 
returning core boxes, driers, and trays to the coremakers’ benches. 

A. E. Outcrbri.lge, Jun.,' describes a practical and rapid test for 
adulterations in core oils. A process of core-making different from tliat 
usually employe,! is now frequently used, jiarticularly in the United 
S ^ ™ P'T etw con “* ta of the preparation of a kind of quick¬ 
sand by the intimate mixing of sharp sand and some vegetable oil 
(preferably linseed), it, the proportion of 30 to 100 parts of sand to 
one part of oil. 1 he mixture living mobile is poured into the core- 
liox until it is well filled, any excess being scraped off by means of a 
straight-edge drawn across the top of the box. Provision is made for 
taking the box apart, thus leaving the fragile cor.- ready to be carried 
to the r onw ltho ut injury. These oil-cores are extraordinarily tough 
when baked ond a ,, npervlollg to moLjture Tfa ire no 

the T. b ^ tea t° ac ?* t ' ma *** is manifested on pouring 

tbe metal Thch.gh cost, of the fine grades of vegetable oils has 

JSatJS J* ,n r xiui ' t,on ■ s ocalled core-oil, which have 

STTfc "* - » **- * 

H. 31. Lane-deals with the equipment and management of the 
foundry core-room, and the materials used for core-making. The 
question of binders is also fully discussed, and the result, of experi¬ 
ments on vanous materials are given. The author also gives a table 
of results of fineness tests of various sands 

J. J. Meteger, Jun.,’ gives detail, of tbe core-room practice in the 
foundries of a manufacturer of valves and pipe fittings where agrent 

"wJmTS 1 “? St * le8 ™ "*** in'large num^rs. 

TP ,rin g .he h of XtjSZfjZSfZ XS 5 

changes in sand, oils, and binders. a He, ted nv 
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Moulding Sand. — R. Mather 1 discusses the subject of testing the 
various properties of moulding sands. Methods in use at the present 
time are dealt with, and in some cases modifications are suggested. 
The author concludes that what is now required is a thorough scheme, 
very carefully plannt.nl anti carried out, for investigating the reliability 
and usefulness of the tests, with the object of weeding oat those 
which are unnecessary. Reliability and the needful degree of 
ueeuracy should he the essentials required of each test, but the im¬ 
portant place in the scale of values should be given to 'quickness and 
simplicity, so that the foundryman should have no unavoidable difli- 
cultv in using and understanding the tests of his sands. 

E. B. Gilmour" describes a method of mixing and using old sand 
for moulds and cores. 

Moulding sands, and their application to various classes of foundry 
work, ore dealt with.* 

Moulding Machines- — W. Lewis 4 discusses the principal types of 
moulding machines, and points out some of their limitations. He also 
compares the moulding of a certain pattern by hand and by machine, 
in order to emphasise the importance of time saving in the foundry. A 
aeries of illustrations are given showing tho moulding of a wheel on a 
combination jarring and roll-over machine. 

A moulding machine for light work, in which the jolt-ramming 
and squeezing principles of making moulds are combined, is described 4 
and illustrated. 

What is believed to be the largest jar-ramming moulding machine 
ever built is described 0 and illustrated. 

A turn over, power-dmft moulding machine, in which separate 
cylinders are employed for turning over the mould and for drawing 
the pattern, is described 7 and illustrated. 

Chilled Castings. T. D. West 4 outlines a series of experiments 
to determine the effect of different methods of treatment in chilling 
or hardening cast iron during tho process of cooling, after pouring tho 
mould. The first experiments, -showing how to produce mechanically 
mottled and white iron inside a grey body, led to experiments with 
chillers used in different ways, and with various other beat-absorb¬ 
ing or hardening media, such as air, charcoal, powdered manganese, 
or cyanide. A study is made of the effectiveness of chillers of different 
thicknesses and of different metals, and of the effect of cooling the 
chillers. The experiments indicate, among other results, that the 
accepted idea that chilling occurs entirely while the molten iron is 

> Paper rend before the Sheffield Branch of the British Foundrjtnen’s Association, 
December 9, 1011; Foundry Trad* Journal . vol. xiv, pp. -18-50. 

* Caitinp. vol. ix. pp. ifc-lSO. 

* Foundry Trad* Journal, vol- xiv. pp. 38—10. 

* Journal of lit Franklin Institute, voL cIxxiL pp. 227 251. 

* Iron Trad* Review, vol. xllx. p. 712. • IHd ., p. 832. 

» Hid., voU L pp. 547 549. 

* Journal of the American Satiety of Mechanical Fngimetri, vol. xxxiv. pp. 837-8G2. 
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solidifying is wrong ; and they show how stronger grades of iron can 
be used for car wheels and rolls, and still obtain tho desired depths 
of chill in such castings. They also demonstrate tho superiority of 
air-cooling over metal chillers. 

T. I) 'Vest 1 describes a series of tests relating to the relative 
strength of grey iron and of partly or wholly chilled iron, showing the 
i f; mhlnnt,on ,n chilled castings. Many tests are presented of 
clullnble iron alloyed with vanadium and titanium. Previous to these 
tests, experiments were made for the purpose of establishing a size of 
round bars suitable for making testa of chillable irons where it is 
necessary to have the bars either of a uniform grev structure through¬ 
out or capable of being chilled throughout, the 'metal in each case 
being poured from the same ladle. The effect is shown on the results 
of testa of different bars in testing with regard to the qnalitv 
or grain of the metal. Attention is called to the advisability of 
drop taste for cast iron, and to the complexity and sensitiveness 
of chiUublo iron mixtures, requiring care in mixing, casting, and 


Imperfect Castings -B. Osann * criticises T. D. West’s * recent 
paper on the formation of gas cavities in castings. 

Special Castings — A Trowbridge, 4 in dealing with die castings, 

Sn« in eI te U eT mar L u of the manufacture of small 

^ f T ^ H ® 0utU ? W the P'™«ples of this process of 

lasting and of hand and automatic casting machines, and gives the 
composition and characteristics of the metals best adapted for use 
with reference to the effect of temperature and shrinkage together 
with examples of comparative cost. 8 

vertical! y EaStbam * ******* “ m "* hod of machine rollers 

E. Muller* discusses in detail the value of cast-iron radiators such 

qJZ17 Thi best r haaum an ' 1 P ,lWic Gildings in 

( leimany. 1 he best methods of casting them are likewise detailed. 

Burning-on in the Foundry —J. a. Hughes’ gives the results 

of experiments earned out with u nnml 8 . gives tne results 

steel, devised by himself The exZ ° f b , urnin « to 

Indian works possessing a Tropenns plant nnd'w Un< ® rt, * kcn at nn . 

new traffic conditions imposed upon the Indian rail™ '° °" tC °. mo ,° f 
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section, anil tlie journals increase*! by J inch. As the size of the boss 
of existing wheels was such as to preelude the possibility of boring it 
out to take the new axle, the process of rusting mild steel on to 
wrought-irou wheels was tried. The method of carrying out the 
experiments is described. 

Casting of Stove Plates — 0. Johnnn.sen 1 gives an interesting 
account of the preparation of ornamental cast-iron stove plates for 
public and private buildings. The article is illustrated with beautiful 
photographs of such plates, cast at various times, since a.i>. 1508. 

J. Larins 3 also contributes an interesting paper on the early manu¬ 
facture of ornumentid cast-iron plates for stoves in private dwellings 
and public buildings on the Continent. The article is illustrated by 
beautiful plates illustrating the types of ornamentation — mainly 
scriptural—which were executed. 

Steel Castings. —In discussing the subject of steel castings, H. 
Urearley* points out that the coarse crystalline appearance which 
the fracture of a steel casting was supposed to have was not now a 
sufficient distinction between castings and forgings. The author 
considers it highly undesirable that unannenled castings should be 
brought into any kind of service where a good casting was nocessary, 
and explains how, quite apart from the question of cooling stresses, 
they might be expected to fail. He also shows how the important 
question as to whether a casting had been successfully annealed could 
he determined by simple means. Tho cooling of metal os it passed 
from the fluid to the solid state was illustrated by a few instances 
occurring in simple shapes cast in chill moulds. 

K. F. Lake 4 describes and illustrates various methods of casting 
steel and alloys in a vacuum. 

Aluminium Castings. —Some practical hints on the moulding 
and casting of aluminium are given. 9 

Cleaning of Castings. —W. T. Mogrnder* gives the results of a 
series of practical tests of a sand-blast machine under the actual 
conditions of commercial practice. The tests were carried out on a 
Pang born machine, the rough surfaces of pieces of cast iron which 
had been cast in one mould being blasted by uir from which the 
moisture had been separated, with dried and screened new t.'ajsj May 
grit The results show that— f 1) for a distance of 8 inches and an 
angle of 45 degrees, the equivalent amount of free air delivered per 
minute, the iron removed, the sand discharged, and tho sand used up 

I Stahl uni Risen. vot xxxii. pp. 337-342. 

■ hid., pp. 519-MM. 

1 Lecture delivered before the London ('ranch of the Orituh Koundrymeot Associa¬ 
tion, March 8, 1912. 

* Iron Age. vat Ixxix. pp. 119 124. 

* Foundry Trait Journal, voL xiii. pp. 718 719. 

* Journal of (hr American Society of Mechanical Rnginctrt, to), ixiiii. pp. HS91-1704. 
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per 100 cubic feet of free air flowing per minute, vary directly with 
the pressure; the amount of usable sand remaining and the amount of 
sand discharged per pound of iron removed vary inversely with the 
pressure; (2) for GO lbs. pressure and 8 inches distance the largest, 
amount of iron was removed and the least amount of sand was 
required to do it when the angle between the nozzle and the work 
was 45 to 60 degrees ; (3) for 60 lbs. pressure and 45 degrees between 
the nozzle nnd the work, the largest amount of iron was removed, and 
the least amount of sand was required to do it when the distance was 
6 inches; (4) the quantity of sand used varies with the directness of 
the blast, and (5) inversely with the distance from the test-bar. 

A description and illustrations are given 1 of a sand-blast tumbling 
barrel apparatus, fitted with a sand separator and suction hoppers, 
for cleaning castings. 

British Foundries. —A description is given * of the foundry at the 
Nautilus Works of Patters Limited, Yeovil. 

Am erican Foundries. — An illustrated description is given 1 of the 
new continuous foundry of French ii Hecht at Davenport, Iowa, for 
the manufacture of cast-iron hubs and boxes for wheels, which are 
produced in large quantities. 

The general arrangement of the new malleable iron fouudry of the 
Prescott Malleable Iron Co., Wisconsin, is described ‘ and illustrated. 

Details are given 5 of the equipment of the foundry of the Malleable 
Iron Range Company, Beaver Dam, Wisconsin, and the methods em¬ 
ployed in the production of malleable iron stove plates are described. 

H. C. Estep gives particulars of the equipment of the grey-iron 
foundry of the M. Rrnnely Co., La Porte, Indiana. 

An illustrated description is given • of the equipment of the foundry 
of National Brake and Electric Co., Milwaukee. 

Details are given 8 of the foundry equipment of the Best Manufac- 
tunng Co. f O&icmont, I ennBylvania, for the manuforture of pipe 
fittings. 

Details are given 5 of the construction nnd arrangement of the new 
foundry of the Interimtiomd Harvester C 0 . at Springfield Ohio. 

L. G. Dennison '"describes the equipment of the Joliette Steel and 
Iron Foundry Co. Limited, of Joliette. 


Use of the Microscope in the Foundry.— The importance of 

metallography in the foundry is dealt with, and the points of interest 
to practical foundrymon an- reviewed." 


1 Calling!. vol. tx. p. 25. 

• Enginmr.raE aria. pp 358-359. 

Inn rnJefttruu. rot xlix. pp, 729 - 735 . 

1 Hid. , toL litx. pp. 911-Mi. 

• HU-.jp I. L pp. 150. . nid.. pp 233 m 

ii *oL *iL pp 821 3S5k 

Eutn /.tilting; Caitingi, vot. n. pp. lug-lw. 
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Accidents in Foundries. -W. H. Cameron 1 deals with the pre¬ 
cautions taken by the American steel foundries for the prevention of 
nccidente. 

Foundry Costs. —G. E. Andros 2 dismisses the keeping of records 
of foundry operations, and gives a chart for recording production 
costs. 

C. J. Simeon * discusses the scientific management of the foundry, 
and advocates the use of the slide-rule for settling piecework prices 
for moulding in large foundries. 

In discussing the question of cost-keeping in foundries, the btuvis for 
a reasonable profit, and the method of ascertaining and applying the 
elements tbot should enter into a correct estimation of foundry work, 
are dealt with. 4 

1 Paper read before tbc Pittsburg Foundry men's Association, April 1,1912; Sttckanical 
Engiwttr, vol. rtir. p. 4SO. 

- I rvn TnuU tfrviinr, vol alia. pp. 106.1-1067. 

3 Mid.. »ol. 1. pp. OH IO. 

4 Eium Zatung; Catting), toL ia. pp. 104-106. 
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Presses —A double-crank forcing press, embodying a 

' T W Tc’ U .******* «•! illustrated. 1 The machine 

' a , P . . for general forging work, including the forming of hammer 

. Ch t- nn ', 1 **** required by make™ of mTnTng 

the nrnai i< ,4 g 1K u “ m uuplementi. One of the special features of 
ScU e hli^ 7 new ’**& of counterbalance 1 The strains to 
canl Ire L L tTn Hub J ecte,i nre taken through bolts and the 

tt ”' ngem * ntwhicb the easy 

Clai^of wur P klreTealt mtM ° f ^ pr °'^ e8 for dUIerent 

Electric Driving of Rolling Mills.— C A Ablett* discusses 
S ee To m ens^rt)’' 1 ri nVO,V V 1 in tht ' e, -^cal driving of 

required for driving The Ilpr ‘ flu 5 tuatl °ns m the power 

with different weighteofflv-w P heel^d e wiA^ ,(?n pow . er ch ‘ in ^ 

r „^ )w K,r fr-.-T^ 

centage power variation to a small vnh 'educe the per- 

the interval is short compared wiVthlrim f “ rC ro, l u * r ^- a U 
wheel will serve but whK^St^^,* **“ P “** “ ^ 

pass, heavier fly-wheels most be imeil T n compared with the 

simple, because the various passes in rolling ? Ct,C ° t ^“5 1ia>t *® “ n . ot 
section require widely differing no°" n a. billet to a definite 

intervals also differ widely. ThJ choice t,me ° f paf ’! Mf9 w ? d 

motor anil the weight of' the fly-wheel 1 l’ ow ‘ ,r of a rollmg-miU 
between power and fly-wheel weight that 

* Iren Af r, vol. trovtu. p. G-M. 

* nZ.T£v imST* to1 - 1 pp -«“-«<* 

* Mb. ^ ^ pp ^ 
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to it minimutn, depends on whether power is generated within the 
works or whether it is purchased from outside. In the letter case 
there are various systems of charging for power, which material]*- 
affect the most favourable proportions between motor and fly-wheel 
Some typical cases, showing bow the system of payment affects these 
proportions are considered, anil the advantages of three-phase and 
direct current for merchant mill driving are compared. 

C. A- Ablet.t 1 elsewhere discusses the electric diiving of rolling- 
mills, and describes at considerable length some of the three-high mills 
electrically driven on the llgner system which have been installed on 
the Continent. He calls attention to the high speed at which it is 
possible to drive the mill. It is urged that much economy results 
from using the llgner system of driving three-high rolls. Bare can 
be got more rapidly thiough the mill than with other methods of 
driving, and they can be finished at n much higher temperature. 
Continental experience hns shown that with three-high mills driven 
on the llgner system the output, is from 20 to 30 per cent, greater 
than can be obtained ordinarily. 

B. R. Shover 5 and E. J. Cheney, in discussing the economics of 
the electric driving of rolling-mill plant, consider it beyond question 
that induction motors should be used for driving the main rolls, but 
there is a diversity of opinion us to whether the auxiliary machinery 
should be driven by alternating or direct current The authors find 
that—(1) the alternating current system costs slightly more than the 
mixed system, the excess first cost being higher for 22,000 volts trans¬ 
mission than for 6600 volts, and higher with gas-engines than with 
turbim>; (2) the lower the power factor the greater is the excess 
cost of the all-alternating system; (3) the annual costs of the oil-alter¬ 
nating current system considered uie lower than those of the mixed 
system; (4) the actual operating costs ate considerably less than 
those of the mixed system ; (5) if the saving in output due to the 
fewer delays in the nil-alternating current system is taken into 
account, the saving in costs will be largely increased. 

An illustrated description is given* of the electrical equipment of 
a 28-inch reversible cogging-mill installed at die works of Dorman, 
Long ifc Co., Middlesbrough. The mill is designed to reduce mild- 
steel ingots 12 inches square and weighing approximately 1 ton each 
to billets 3 inches square at the late of 15 tons per hour. The mill 
itself consists of one stand of rolls and one pair of pinions directly 
connected to the shaft of the driving motor by a special sleeve coup¬ 
ling. designed to avoid the transmission of any severe thrust to the 
slmft and l>earings. The motor is capable of giving a continuous 
output of 1200 hrake-horee-power at a speed of 70 revolutions per 
minute, and a maximum torque corresponding to an output of 3600 
brake-horse-power at the same speed. Current is supplied to the 
mill motor by a special reversible continuous-current generator which 

» f'rocttJimg, of lie Clovtland InUituticn of Enginttn. 1911-12. No. 2. pn. 30-75 

* EUrtrical World, voL Iviii pp. 7W-7W 

* Iron and Coal Tradn Xrvim, rol. Iixiiv. pp. 483-1*4. 
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forms part of a fly-wheel equaliser. The generator, which is capable 
of giving continuously an output of 1000 kilowatts at a pressure of 
40U volts, 19 coupled directly to a tin ee-phase induction motor of the 
slip-ring typo, designed for a continuous output of 950 brake-horse¬ 
power at any speed between 400 and 480 revolutions per minute, 
when supplied with current at. 2750 volts and 40 cycles per second. 
The fly-wheel has a weight of 30 tons and n peripheral speed of 
approximately 310 feet per second. 

W. H. Lake 1 gives an illustrated description of the electrification 
of the mills at the Shelton Iron and Steel Works. 

Ihe electric-driving equipment of rolling-mills at the Lochrin 
Work* of William Bain & Company is described.* 

Sykes 3 gives particulars of the electrical equipment of the 
universal plate-mill at the works of the Illinois Steel Company, and 
also the results of five years’ operation of this mill. 

B T. McCormick 1 describes the electrical equipment of the revers¬ 
ing blooming mill at tho plant of the Algonia Steel Company, Sault 
Ste. Marie, Ontario. ^ ' 

A. 8. Ahrens* discusses the advantages of electric power for driving 
tube-making mills, and describes the practice at the plant of Spang- 
(. hfufant A' Co., Pittsburg, where htiiaII tube* are made by the butt- 
welding and large tulies by the lap-welding process. 


Power Requirements of Rolling-Mills. -J Pu PP o« deal* with 

the consumption of power in girder, wire, and plate rolling. Experi¬ 
ment* were carried out at the Peine rolling-mills with the object of 
ascertaining wlrnt class of power was most economical for rolling 
girders. The results show that the maximum efficiency is obtained with 
electric power. Two trams were studied, a large one and a smaller. 
The funner consisted of four three high sets, 90 centimetres (36 inches 
approximately) in diameter, and 220 centimetre* (82-86 inches) in 
length The latter comprised three three-high sets 78 centimetre* (31 
inches) in diameter, and of approximately the same length. Separate 
tandem compound engine* were fitted to each with fly-wheels weighing 
8J and ,J ton* respectively. Tho results obtained are given in the 
table opposite, frarn which severalinteresting ,-oinU may be gathered. 
The elongation wa* calculated by dividing the main initial cixL section 
by the final cross section Tho steam consumption was measured bv a 
Hallwach. meter. It will be obseiwed that the consumption of st*\m 
per ton of final weight is a function of the output per hour decreasing 
as the output increase*. The temperature of the h.gots is likewise an 

c^f 10ff7 S 10tO 1>ctmber W » 911 5 

« Irm and Coal Tredr, Rn-inu. toI. bJR d °‘ 

E D|r ; BeOT . Aprfl 25. mu: 

4 /lid,, pp 1*58 Wifi 

• RUctnt Journal, December lint • ami i 

-10-211. d C Tradt, Rrvira, *oL luiir. pp. 

• Stahl and Etxn, xrxii. pp. 0-12, 10(4-111. 
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important factor. The heaviest ingot fell through 160° C., whereas 
the lightest^iogot, initially at the same temperature (1310" C.) fell 
through 310 c C., or twice the amount. The experiments on wire-mills 
were earned out at Xeuboffnungshutte, and those on plate-mills at 
Dillingerhiitte. 

B. N. W cHteott 1 describes the methods used in testing the power 
requirements of rolling-mills, both steam and electrically driven, the 
object iu view being—(1) to secure u continuous record of the power 
required to drive the mill; (2) to secure a continuous record of events 
taking plact* in the mill, anil (3) to connect definitely and positively 
the records uf 1 and 2. 


Pressure on Rolls of Rolling-Mills. — J. Puppo* discusses 
V “ ,, r ? r f° 6nt r ro P° Hil1 ^ or feg'dating the premura exerted upon 
the rolls during tlie rolling of sheet iron, and the avoidance of too high 
a pressure, with consequent unnecessary strain U|>on the machinery. 

M. Herrmann 3 discusses mathematically the theory of rolling, and 
formula- are deduced f«o ra which it is possible to calculate the power 
required, the pressure produced between the rolls, Ac. 

. ®oH'Drafting. B. W eissenberg 4 deals in detail with the imtavine 



be employed which shall give the best results with the minimum 
expenditure of energy owing to the numerous factors involved, the 
temperature of working Iwing one of the mast Far this 




forge and mill machinery. 


531 


An illustrated description is given 1 of an arrangement, of driving- 
gear designed by A. Lambert on for two-high reversing rolling-mills 
in which, to avoid reversal of the direction of rotation of the rolls, 
the latter, constantly driven in one direction, are curried in housings 
which ore capable of oscillation through 180° by means of nick and 
pinion gearing in gable-like end-fnmies, so us to reverse the relative 
positions of the rolls. 

Canadian Boiling-Mills- —A description is given * of the plant of 
the Canada Steel Company of Hamilton, Ontario, whoee speciality is 
the utilisation of old steel rails for the manufacture of agricultural 
implements and for other purposes. The rails which have a carbon 
content of about 0‘40 per cent., are broken by hand into 7J and 
1 1 -foot, lengths, and are passed to a continuous-heating furnace 
heated by coal. A feature of this plant is that no steam is used for 
any purpose. The furnace ash-pits are water-sealed, and the dropping 
of t he hot ashes into the water generates sufficient steam vapour to 
soften the clinker on the grate bars. The rail is pushed into the 
coolest part of the furnace by means of an electrically-driven feeder, 
and is fed into the furnace crossways; each advance of the 
feeder moves forward all the rails in the furnace, and on arrival at 
the other end they are ready for rolling. The rolling-mill consists 
of si* sets of 12-incli three-high housings and one set of two-high 
housings. The first pass through the rolls separates the head, 
weh, and flange of the rail. Each part is then passed through the 
various sets of rolls and made into finished bars nt one heat. The 
head of the rail is rolled into rounds, squares, and flats, while the web 
and flange are mostly utilised for angles and shapes. 

American Rolling-Mills. — The new merchant-mills of the Lacka¬ 
wanna Steel Company are described * and illustrated. They consist, of 
one six-stand 12-inch continuous roughing train, and four two-stand 
10-inch finishing trains. The billets, which are 30 feet in length and 1J 
to 2$ inches square, are brought from the billet-mill on cars and handled 
by a crane, and weighed and introduced into the furnace by means 
of a Morgan conveyer of the usual type. The heating furnace is of 
the suspended roof continuous type, having a heart h 30 x 25 feet. 
The furnace is gas-fired, gas being furnished by four 10-foot Morgan 
gas-producers. After heating, the billets are delivered to the first 
stand of the continuous roughing-ini 11 and a power-driven toggle- 
shear between the furnace and the roughing-mill shears them to 
proper length. This shear is arranged to operate independently on 
two separate lines of billets, cutting them as they are passing through 
the rolls. From the continuous roughing-mill the bar passes to the 
10 -inch finishing-mills. 

* \t«ka»ical F.nginttr, «oL urriu. p. 708. 

■ Canadian Machinery, trot *ii. pp. 

1 Iran Aft, voL Uuviii. pp. 690-391. 
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After pawing through the finishing-stuuds the bar ls delivers! to 
a double cooling bed 360 feet long, of the Morgan inclined escu[H!Uieut 
type designed to h.mdle sections from J-inch rounds up to 3-inch wide 
flats. There are four pouring-typo automatic reels for coiling wire, 
rods, nut-flats, and other sections. The reels mechanically discharge 
the coils on to a conveyer which delivers them to a hook carrier. 
The hitter automatically takes the coils from the first conveyer and 
delivers them to any point, on the loading-dock. 

A motor-driven sheet- and strip-mill installed at the works of the 
Philadelphia Roll and Machine Company is described > uu d illustrated. 
The sheet-mill equipment consists of one stand of 20 x 36-inch two- 
high roughing rolls, and one stand or 20 x 30-inch two-high finishing- 
rolls, and a set of 20-inch two-high pinions. It was specially designed 
to meet the extraordinary heavy duty requirements encountered in 
this class of work. The area of the housing postB is 196 square inches, 
the housings being 7 feet C inches high, and the total width at the 
central point being 4 feet 8 inches. The total weight of the mill 
including the gearing and one set of rolls, is 181,130 lbs. All the 
castings are made of a special charcoal air-furnace iron. 


Ample provision has been made for the lubrication of the roll and 
the pinion necks liecause of the great pressure which the maul exerts 
upon them during the rolling process. To accomplish this. siiecLilly 
designed deep pockets were cored in the casting* to retain the 
lubricant. The wearing parts are so constructed and fitted in position 
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Upson Nut Company, Cleveland, Connecticut. The equipment con¬ 
sists of a 34-inch blooming mill and a semi-continuous finishing mill 
of the Morgan type. 

Details are given* of the arrangement of the roll-stands in the 
rail and merchant mills of the Minnesota Steel Company’s plant at 
Duluth. 

The new mill of the Laclede Steel Company, St. Louis, designed for 
the re-rolling of rails and billets into bars and shapes for agricultural 
implements, is described 3 and illustrated. 

A description is given 3 of a new type of mill for cold-rolling sheet 
metal. 

Lighting of Rolling-Mills. — At the September meeting of the 
Association of Iron and Steel Electrical Engineers in New York in 
September 1911 papers by H. M. Gassmuu, C. J. Mundo, and W. 
Harrison were read dealing with the question of more effective methods 
of mill illumination. 4 

Mechanical Cooling Beds. — J. Schmitz 5 describes some 
mechanical cooling beds recently introduced into Germany for the 
reception of hot bars straight from the rolls. Some of the beds are 90 
metres long, and consist of bars of iron, plain and nicked. Inid across 
at intervals like sleepers on a railway. The nicked bats are capable of 
rising a few inches above the plain ones, which latter are permanently 
fixed to the floor. The former then move in the direction of their 
length ami hence transversely to the length of the bed for n short 
distance, equal to that lietween two consecutive nicks on the bars. 
They then sink below the plain bars and return to their original jiosi- 
tion. The hot bars from the rolls are brought to the side of the bed 
and laid on the permanent transverse bars. The nicked bars then rise 
and fall, and with each rise carry the hot bars a short distance across 
the coaling bed until they reach the opposite side, where they roll 
on to perforated iron plates and remain until required further. 

Manipulators. —An account is given 4 of recent improvements in 
rolling-mill manipulators. 

The “Step " Process. — A. E. White 7 gives details of experiments 
carried out by means of the Jones-Step process for the utilisation of 
the low-grade ores of the Kloinuu Mine, Michigan. 

1 Iran Trad/ Hrfinv. voL L pp. 34»-3&i 

* thd., pp. 743-74". 

» tHd.. up. S4.VS44 

* tram Aft, voL Ixxxriii. p. 737. 

• Stahl and Eistn, voL xm. pp. MOS-1443& 
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\.—OPEN-HEARTH PROCESS. 


Open-hearth Practice. —B. W. Hear] 1 discusses recent develop¬ 
ments in tho open-hearth process. 

Briquettes for Use in the Open-Hearth. — A new raw material 
for steelworks is described 1 The product is sold commercially under 
the name of Swedish sponge, and is obtained by reducing briquettes 
of ore by mean* of carbon monoxide at a temperature below the fusion 
point of iron. Pure magnetite is employed, and the resulting briquette 
is of a bluish-black colour. Its composition is as follows • 


PerCem. 

. Mii 
. 0007 

. 0012 


Iron 

Silicon . 
Phosphorus . 
Gangur . 
Oxygen . 
Carbon . 
Manganese 




storage. It is said to pones, important advantages when uses] in the 
open hearth furnace or in electrical furnaces, while its price is quite low. 



filled and emptied together. ^ 
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Steelworks in France. — C. Bouvnrd 1 gives a description «f the 
new steelworks of the Societe Fran raise de Constructions Mccauiques 
at Dennin. There nre two fixed-tvpo open-hearth furnaces of 15 tons 
capacity each. Three producers have been installed for each furnace. 
Dimensional plans ami drawings of the furnaces both in section and 
elevation accompany the description. 

A description is given s of the Etablissementa Arbel, Douoi. There 
are two open-hearth furnatvs, one being a Iwisic furnace of 18 tons 
capacity, and the other an acid furnace of the Ifidormann-Harvey 
type. A description is also given of the shops of the Fives-Lille works 
in the Nord. 

Indian Steelworks. -An illustrated description is given * of the 
mineral properties and steelworks of the Tata Iron and Steel Company 
of Sakchi, Bengal. 

American Steelworks- —A description is given * of the open- 
hearth steel plant of the Western Steel Corporation at Irondale, 
Washington. The basic process is used, the furnace bottoms being 
made of Austrian magnesite. Each furnace bus a melting chamber 
22 feet long and 11 feet 3 inches wide. Being designed for oil¬ 
burning there are two air regenerators under each furnace, 16 feet 
long, 12 feet 3 inches wide, and 14 feet 8 inches deep. The oil- 
bufrners are supported on the melting platform, and can he withdrawn 
from the furnace at will. The oil is atomised by stenm, and is 
supplied under 60 to 80 lbs. pressure at 250° F. Two oil-fired 
ingot-heating furnaces are situated in front of the casting pit, 
and serve the purpose of soaking pits. The steel plant bus an annual 
capacity of 42,000 tons of steel. 

An illustrated description is given 4 of the open-hearth plant of the 
Upson Nut Company, Cleveland, Connecticut. Steel is produced in 
four 60-ton basic furnaces fired with natural gas, which are also 
arranged to burn producer-gas. The working heurth of eucb furnace 
is 35 feet long, 13 feet 9 inches wide, and 4 feet 10 inches deep 
from the door-sill to the top of the Imttoni plate. The furnaco has 
three port uptakes, two for air and one for gas. Each of the furnaces 
is served by an electrically-operated jib-crane for bundling the tapping- 
spouts. Two sixes of ingots are cast, weighing respectively 5000 and 
7000 lbs. The ladles into which the steel i» tapped have a capacity of 
65 tons. 

The open-hearth plant of the Portsmouth Steel Company, Ohio, is 
described." Steel is produced in seven basic open-hearth furnaces of 
60 tons capacity each. . 

1 /ftvu* it Si/taU»rgit. .V/mairri, vol. vat. pp. 647-654. 

8 Comfit: Rtniu: it U Soti/U dt t InJuttrir \fia/rali. 1911. pp. 557-561. 

* /rm anJ Cm/ Trait: Rtvirw, vol. Ixxxiv. pp. 675-679. 
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Scrap-bundling Machine. —A description is given 1 of a machine 
for bundling loose scrap, which operates with two distinct hydraulic 
presses, so that from 100 to 400 Urns pressure is exerted, distending 
upon the weight of the finished bundle and the thickness of the metal 
handled. Another type of press is described, 1 which is capable of 
forming from 15 to 25 hales per hour, weighing from 2 to 3 tons. 

Open-hearth Charging Machine. —An illustrated description 
is given 3 of a charging apparatus for charging open-hearth furnaces, 
designed by B. W. Head. 


Shears for Cropping Ingots — -A description has appeared'* of 
a machine for cutting off the waste ends of steel ingots, and for 
cutting ingots and forgings into short lengths to suit requirements. 

Direct Production of Steel. —An illustrated description® has 
appearod of two designs of an open-hearth gas-fired furnace for 
the direct production of iron and steel from iron ores. The main 
principle is the construction of the hearth of such a character as 
to resist the action of corrosive slags, and in such a manner that 
simultaneously, both from beneath and above, the contents of the 
heurUi may be subjected to high temperatures equal to or exceeding 
1600° C. The furnaces are the joint invention of W. S. Simpson and 
H. Oviatt. 1 


Gua - Poisoning in Steelworks. — The Commission appointed 
by the Illinois Legislature to study occupational diseases in the in¬ 
dustries of the State has issued a report- on carbon-monoxide 
poisoning among steelworkers. A uniform deficiency in muscular 
powers was found to exist among workmen exposed to the gas, and 
this feature was so marked as clearly to indicate that the frequent 
contact of steelworkers with carbon monoxide cause.! a deterioration. 
The second startling development of the inquiry was that all the 
steelworkers examined seemed to be mentally below the average. 
It ts stated that, m view of the fact that prolonged exposure to 
carbon monoxide may produce a profound impression on thtTnervons 
system, part of the sluggish mentality exhibited among the steel¬ 
worker. may be duo to frequent exposure to the gas. Amongst 900 
employees of blast-f.irnuces, 65 severe and 216 mild cases of gas- 
poisomng occurred in the year 1910. The number of fatal cJs is 
returned m I.t during the four years comprised in 1907 to 1910. 
Among 212 employee* of boiler-houses there had been one severe, 
otio fatal, BQtl 5*> mild of ^s-poisoting, 

i roU - PP »» ISA 
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II . — THE BESSEMER PEOCESS. 

Steelworks in Prance -A description is given 1 of the Jordan 
steelworks belonging to the Dennin ami Auxin Company at Sonmin, 
France. Thu installation includes two mixers and four converters, 
which are capable of producing 1000 tons of steel daily. The con¬ 
verters have a capacity of 15 tons. The ingots are delivered to the 
rolling-mill on an electrical travelling-bridge. The mill, which 
consists of three trains of rolls, cun turn out 1000 tons of finished 
rails and sections per shift. 

American Steelworks- —The new steelworks cf the Youngstown 
Sheet und Tube Company, Youngstown, Ohio, are described ami 
illustrated.* From the blast-furnaces hot metal is carried in 40-ton 
ladle cars direct to hot-metal mixers, of which there are two with a 
capacity of 300 tons each. The hot metal is transferred from the 
ladles to the mixers by two 80-ton electric travelling-cranes, which 
have a 25-ton auxiliary hoist for pouring. The track from the mixer 
house to the Bessemer converter is laid parallel to the cupolas, the 
direct and remelted metal being handled by thu same equipment. The 
hot metal is transferred from ladles to the pig machine by the mixer 
cranes, which place the ladles in a cradle while pouring. The pig 
machines discharge the metal into standard-gauge cars on the yard 
level. The Bessemer converting department is served by five cupolas, 
10 feet 6| inches diameter by 22 feet high, with a total daily capacity 
of 1500 tons. The soaking-pit equipment for the blooming-mill now 
consists of five 4-liole pit-furnaces, with a total capacity of 80 ingots. 

Blowing-Engines. — A description is given* of a turbo-blower 
installed at the plant of the Metallurgical Company of Sombre and 
Moselle, at Montignies-sur-Sambre, France, to supply the blast for 
four 15-ton Bessemer converters. The blower is able to compress 
from 5300 to 28,250 cubic feet per minute to pressures from .V6 lbs. to 
35'5 lbs. per square inch, and is driven by a turbine of 3750 horse¬ 
power, at a maximum speed of 2000 revolutions per minute. 

Phosphates in Basic Slag. —E. Steinweg 1 has studied the con¬ 
stitution of the tetrabasic phosphate of lime and its reducibility by 
means of iron containing carbon und pure iron. The results of his 
experiments show that silica reduces the tetrabasic phosphate in 
basic slog to a less basic phosphate, which is reducible by carbon. If 
the reaction tukes place in the presence of iron, phosphorus is taken 
up by the iron. Alumina has also the effect of splitting up the totra- 
Itasie phosphates of slags into less basic phosphates. It was endea¬ 
voured to determine the melting point of pure 4CuO,P 3 O s , which 

1 Complex Kendux de la Sacidti de tUduitrie Min/rale, 1011. pp. 608-fill, 

* Inn Age. vol. Ixxxviti. pp. CL'15 CM. 

> Genie Civil, vol. lx. pp. 204-296. • Metallmrfie. vol. tx. pp. 28-40. 
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hod been synthetically produced, hut no crucible could he found of n 
material sufficiently refractory to withstand the temperature required ; 
fluorspar was added for the purpose of lowering the temperature of 
fusion, but this only resulted in the attack of the crucible material, 
causing the loss of the melt. In the presence of ferric oxide the 
tetrabasic phosphate is split up into less lassie phosphates, ferrite 
forming at the same time. Out of contact with silica, alumina, and 
ferric oxide, the tetrahasic phosphates in slag aro not reducible by 
means of iron containing carbon. 


HL — ELECTRIC PROCESSES. 

Electric Furnace Construction. -In view of the many difficul¬ 
ties that have been presented in obtaining a suitable lining material 
for electric induction furnaces, a series of experiments * Lave l>eoii 
made, at the plant of the Poldihiitte Tiogelgnssstahlfabrik with 
various linings in a pure induction furnace of the Kjellin type. 
In January 1908 this company put into operation a Kjellin furnace 
having a capacity of over 4 tons. High-class steel was produced bv the 
Uisic process and the lining first used was known ns “ Veit” magne¬ 
site. The furnace was not erected on a solid foundation, hut was set 
on a carnage with provision for rotating the body of the furnace in 
either direction about a vertical axis. The rotation of the furnace 
necessarily generated considerable vibration, which resulted in the 
production of cracks in the lining to such on extent that it was found 
impossible to obtain more than 49 charges without renewing the 
ining. Various combination, were tried from time to time, and the 
Me of the linings was gradually increased, until in 1909 the average 
was 200 charges per lining. Further improvements were made, until 
it was possible to obtain over 490 charges on one lining 

C. Bering* continues to discuss the thermal insulation of electric 
furnace walls, and summarise* the data he has given in previous 
paper* on the subject. 1 

Consumption of Electric Energy in Electric Steel Furnaces. 

C. Hering calculate* the electric energy necessary to maintain the 
temperature of molten steel constant. For a 1-ton furnace, 2rt kilo¬ 
watts per ton of steel are required; for a 10-ton furmice, 9 o kilo- 
watts ; for a baton furnace, 5-5 kilowatts per ton of steeL 

Electric Production of Steel -In dealing with the electric fur¬ 
nace process as applied to the metallurgy „f steel. H. G. A. Stedrna" 
refer* to the technical and commercial success of the electric pr“n 

• Inm Trade Revine, wol. xfix. pp 10I.V101B. 
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the production of steel castings. Not only can clean sharp castings 
be produced of any sire and composition, but their behaviour under 
mechanical test is altogether in favour of the process. The author con 
ciders thut. based upon the most recent figures, it should be possible in 
the ladle to produce metal for steel castings of the finest quality, with 
sulphur and phosphorus reduced to traces, at approximately £6 per 
ton if scrap is used, or £5 per ton when finishing molten metal from 
converters. It would appear that shipyard machine-shops and 
engineering works generally promise a wide sphere of usefulness for 
the small electric furnace of 1 ton and upwards, producing castings 
from waste material available such as scrap, trimmings, turnings, 
and borings. High-grade steel can be produced in the electric furnace 
in all respects equal to that produced by the crucible method, with the 
added advantage that it can be made very much cheaper, in any 
desired quantity, and without the use of expensive ami comparatively 
scarce raw materials. 

At the works of Le Gallons, Metz it Co., Dommeldingen, 1 where 
steel is manufactured by the electric process, it has been found 
feasible to reduce the sulphur content to as low as 0 005 per cent. 
The equipment of these works consists of three single-phase alter¬ 
nating furnaces and one three-phase furnace. The single-phase 
furnaces each have a capacity of 3| tons. The metal is first partially 
refined in a basic open-hearth furnace of 20 tons capacity. The 
charge consists of molten pig iron, the approximate composition being 
as follows : Carbon, 3'5 per cent.; manganese, 1*5 per cent.; silicon, 
0-6 per cent.; phosphorus, 182 per cent.; and sulphur, 007 per 
cent. The finished product of the open-hearth furnace is a mild steel 
containing carbon, 0 - l. r > per cent.; manganese, 0'25 per cent; phos¬ 
phorus, 0-045 per cent.; sulphur, 0 04 per cent.; und truces of 
silicon. The refining operation in the electric furnace proceeds until 
samples indicate the elimination of phosphorus, which usually takes 
about one hour. The composition of the metal is then as follows: 
Carbon, 0*08 per cent. ; manganese, 0*10 per cent.; sulphur, 004 per 
cent.; and traces of silicon. The slag is then tapped and carbon is 
added. An amount of ferro-mnuganese corresponding to the desired 
manganese content is added at the same time, and immediately after¬ 
wards the desulphurising slag is added. As soon os the latter has 
melted, the bath and slag are deoxidised. The slag becomes perfect! v 
white, and acquires the property of absorbing the sulphur liberated 
by the increased temperature. The particles of slag, gases, and 
sulphides separate out of the metal, and are taken up by the white 
slag, a small portion being volatilised. In other respects the com¬ 
position of the metal remains unchanged. In making alloy steels 
the alloying metals are not added until after the deoxidation period, 
which lasts about one hour, in order to prevent lews in the slag. 

W. llodenhauser 5 discusses the production of electric steel, the 
effect of the price of current, the relative advantages of arc furnaces 

1 Iran Trait Krvirm. voL xtix. pp. 1017-1018. 
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and induction furnaces, the useful applications of the electric fnmace, 
nnd the electro-metallurgical process for the refining of steel. 

F. C. Perkins * describes the refining of steel from Bessemer con¬ 
verters by a composite-electrode arc process. The main feature of 
this process is the use of a new composite electrode, one tvpo of which 
consist* of a carbon tube with iron core and a mixture of slag-produc¬ 
ing materials surrounding the same. Other types have the slag 
material packed in on iron or steel tube or surrounding a carbon or 
iron rod, with or without projections for supporting the slag materials, 
using the usual binder employed in carbon electrodes. By the use of 
composite electrodes a large part of the slag material is introduced in 
a highly fluid state at the hottest points of the furnace, the rest of it 
being added in the usual manner. The molten metal continually 
circulates; nil parts of the bath come in contact with the refining slag 
at the arcs and are rapidly refined. 


The Melting of Ferro-Manganese in the Electric Furnace — 

F. Schroedter* draws attention to the loss entailed by the addition 
of solid ferro-manganese to the converter in ordinary steelworks 
practice, in consequence of small portions of the ferro-mangnnese 
becoming isolated in their passage through the slug and thus failing 
to sink completely through to the metal. Furthermore, the addition 
of the solid reduces the temperature of the liquid metal, and complete 
mixing of the two is rendered uncertain. For these reasous it is pre¬ 
ferable to add molten ferro-mnnganese to the charge. Usually thiB is 
done by first melting the spiegel in a crucible in a solid or gaseous 
fuel furnace nn , d thcn ,P°" ri "g liquid contents into the converter. 
Whilst this reduces the loss referred to above, the advantages of this 
procedure are almost neutralised by the loss consequent uiwn the 
vaporisation of manganese from the crucible during melting The 
author strongly recommends the electric furnace for melting the 
ferro-manganese, since its neutral or even reducing atmosphere pre- 
vet,U any appreciable loss of manganese, and the method thus 
possesses all the advantages of the previous one without its dis¬ 
advantages. In addition to this, the actual cost of heating is con- 
sid. rably less than with an ordinary fuel fumnee 

The electric furnace consists essentially of a crucible lined with 
dolomite or magnesite. In practice the lining is found to last for at 
least three months without renewal. The bottom of the crucible 
constitute, one electrode,, the other being lowered through the roof. 
The best results are obtained by keening the furnace always at work. 
The charge of ferro-manganese added solid, and the movable elec¬ 
trode is lowered on to it The charge when molten is tipped a* 

r"Vr d ^ 1U , the ,,8 ' ml n >“ nn «r to the steel 

in the convertor The tilting of the electric furnace is most advan¬ 
tageously worked with hydraulic pressure. 
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U Kortun 1 contributes an important paper on the melting of ferro¬ 
manganese in the electric furnace, lie mentions that au electric 
furnace had been in operation under his observation since August 2, 
1911, up to the time of writing (December 9), and although nearly 
2000 tons of ferro-manganese had been treated, the lining of magne¬ 
site was still good, and likely to last another three or four months, 
lu order to reduce the vaporisation of the spicgel the furnace is 
worked with a low voltage, and a uniform heating of a large area is 
aimed at rather than intense localisation of the heat. In order to 
reduce the cost, the bulk of molten Spiegel should not be greatly in 
excess of the twenty-four hours’ demand in the works, otherwise the 
cost of keeping the metal molten soon mounts up. Also a small amount 
of silicon is used in place of ferro-mnnganese, an alloy containing 
76 per cent, of manganese and 4 per cent, of silicon being found 
advantageous. 

Electric Furnaces of Special Types —Particulars ore given * 

of tho Hiroult electric furnace now in operation at the works of 
Lake & KUiot at Braintree. This furnace, which is of 2 tons 
capacity, is employed for tho production of steel castings for auto¬ 
mobile parts. The plant is nt present the only works in England 
where an electric furnace is employed solely for foundry work. The 
generating plant consists of a gas-producer and a Westinghouse gas- 
engine, to which a single-phase alternator is directly coupled. The 
furnace is of tho single-phase type, using two round electrodes 14 
inches in diameter. The furnace U lined with magnesite brick and 
crushed dolomite, while the roof, which is removable, is lined with 
silica brick The arc between tin* electrodes and the bath can be 
regulated either by hand or by Thury automatic regulators. The 
method of working tho furnace is that regularly employed when melt¬ 
ing and refining scrap in a Hiroult furnace. When a sufficiently 
high temperature lias been obtained the furnace is tilted electrically, 
a motor of 5 horse power being employed. Steel from the furnace is 
received in a 2-ton bottom-teeming ladle, the actual casting being 
performed through the intermediate use of hund-shanks, and in tho 
case of larger castings by direct casting from the ladle. Tho steel 
made Is exclusively dead soft, between 0*1 and 0*15 per cent of 
carbon, with manganese and silicon varying slightly according to the 
special mechanical properties required. Owing to the refining powers 
of tho electric furnace the sulphur and phosphorus are extremely low, 
being together less than Q"03 per cent. As a result of the absence of 
sulphur the proportion of cracked or torn castings is reduced to a 
minimum. 

T. I). Robertson * discusses the advantages of tho Grdnwoll steel¬ 
refining furnaces. The utilisation of two-phase current from a three- 
phase supply eliminates rotary transformers; an even distribution 

* Stahl and Eittn, vot. xxxii. |ip. -VJS— 132 . 

- Iran anJ Cml Tradtt Rr. itv), voL Ixxxiv. p. 3CS7. 

3 SUiallnrgUal and Chtmual Em/inuring. »ol. ix. pp. 573-. r >7Ii 

1912.—i. 2 M 


542 THE IKON AM) STEEL INDUSTRIES. 

of heat is obtained throughout the charge, and at the same time n 
circulation of the molten metal is set up, resulting in improved 
refining conditions. 

A. Hiorth' and F. A. Fitzgerald discuss the relative advantages 
of the Rbchling-Rodenhauser and Hiorth furnaces. 

J. Harden 3 describes recent developments in metallurgy, with 
special reference to the Paragon electric furnace, illustrations of 
which are given. 

W. Lipin 3 describes the Natbusius electric steel furnace, which he 
claims to be most suitable for the simultaneous heating of the slag, 
the bath, and the bottom, owing to the possibility of regulating the 
heating through the bottom electrodes. 

An illustrated description is given 3 of the Helberger electric trans¬ 
former crucible furnace. The furnaco consists of (1) a transformer, 
wound for any suitable voltage of supply; and (2) a water-cooled 
holding mechanism for the crucible, directly connected to the trans¬ 
former and provided with carbon contacts.’ Melting takes place in 
ordinary graphite or charcoal crucible*, which are prepared by a 
special process. An ampere meter and a regulating switch complete 
the equipment, the whole being self-contained and ready for connec¬ 
tion with an alternatiug-current supply system. An advantage 
claimed for the furnace is that by means of current regulation a wide 
range of heat is obtainable, which renders the furnace adaptable 
either for dealing with metals such as lead, brass, or platinum, or 
material inch as quartz mud. 

C. Myers ‘li^ctuwei the principles of the electric furnace, and gites 
a brief description of the construction of the different types of fur- 
naces now in operation, including the Heroult, Stassano, Oirod, 
Kjelhn, Kochling-Kodenhauser, Frick, and others. The author also 
gives data with reference to charges, additions, and power used on 
•even consecutive charge* from au 8-ton Rbchling-Rodenhauser fur¬ 
nace ; also analyses of steel and slag taken at different periods of heat 
from a II> roult furnace. 


Statistics of Electric Furnaces. -It is stated* that the total 
number of electric furnaces in existence or in course of construction 
in the world for treating iron and steel is 120. Divided into the 
classes of arc furnace*, induction furnaces, and combination arc-resist¬ 
ance furnaces, these are as follows t_ 


« MrtaUnrgicalaad Chtmual Enpnttrinr, ve! pp yj.p, 
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Attire. 

Idle. 

Budding. 

Touts. 

Arc furnaces .... 

61 

7 

25 

83 

Induction furnaces .... 

26 

1 

8 

35 

Combination arc-resistance . 

3 

— 

... 

3 

Totals. 

79 

8 

33 

ISO 


Classified according to system these furnaces are as follows :_ 



Attire. 

19 

U 

6 

4 

4 

2 

1 

1 

1 

10 

10 

s 

l 

l 

i 

l 

3 

Idle. 

Building. 

Totals. 

Art Furnaces — 

Httonlt ...... 

Ohrod . 

Stassano . 

Keller . 

Chaplet. 

Aktfcbolagrt EleklrnmrUII ! ‘ 

Hickman town system) . 

Scott-Anderscn (own system) . 
Firminv 

Inductive Furnaces— 

/ Kjdlin .... 

( R och ling-Roden ha tuer 

l Kjellm-t'olby . 

Fri** . 

Hiorth .... 
ChatUlon-Commentrr 

Schneider. 

Citmhmtd .4 rr and Rtiisfance Furnace *— 
Nnthusiui .... 

7 

1 

• x 

15 

4 

1 

2 

1 

2 

1 ) 

34 

18 

13 

6 

6 

4 

1 

1 

1 

31 

1 

1 

1 

1 

2 

Totals ..... 

79 

8 

S3 

130 
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FURTHER TREATMENT OF IRON 
AND STEEL. 


Case Hardening. —O. Charpy 1 and S. Bonnerot have made a 
further series of investigations on the cementation of iron by solid 
carbon. Their earlier experiments showed that solid carbon does not 
cement iron w vacuo, bat since VVeyl’s subsequent observations led to 
different conclusions it was determined to undertake new experi¬ 
ments. Graphite which had previously been carefully purifies I was 
placed between plates of extra mild open-hearth steel, which were 
pressed together at a pressure of 3000 atmospheres so as to ensure 
the closest possible contact. The plate* were then heated under 
reduced pressure, and the gases were drawn off by a vacuum pump. 
It was found impossible to remove the gaom entirely, but by careful 
working of the pump the pressure could be maintained for u long 
period between the desired limits. Six specimens were heated at 
850° C. for periods varying from 10 to 38 hours, and the results 
showed that cementation did not take place if the pressure was kept 
at 0 1 to 0 3 millimetre, but if it rose almve 0 5 millimetre, distinct 
carburisation occurred. The authors consider that their former results 
aro thus confirmed, and that curhon will not cement iron at tempera 
tures about 950° if care is taken to remove all gum capable of acting 
on the iron. 

L. Guillet* discusses in detail the theory and practice of case- 
hardening. During the process it is the outer layers of the metal 
which become most highly carburised, the percentage of carbon falling 
as the distance from the surface increases. This is easily shown, both 
chemically and microscopically. For carburisation to tike place the 
iron must be completely converted into the y variety, in which variety 
alone carbon is soluble to any extent. Tl.e metal must therefore fc- 

w P° mt » *" P r '«tice the lowest temperature 

being 850 0. The substances producing carburisation must be such 
M readily part with carbon, and can he divide,! into three groups, 
namely (I) gas«,us losbea. such as hydrocarlmns, carl-on monoxide^ 
and cyanogen ; (2) liquids sod. a* molten cyanides; and (3) solids, 
like fr«e carbon* eyain>gen derivative*, 

In successful practice both the temperature and the time of 

1 CemfUi ftendmj. rol cliii pp. (771 67X. 
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exposure should be accurately known—two highly important factors, 
which, however, are difficult to determine in large furnaces. The 
composition of the metul lias likewise an important influence on the 
rate of carburisation of the metaL Thus, those elements which them¬ 
selves readily yield double carbides accelerate the absorption of carbon : 
such are chromium, tuDgsten, molybdenum, and, in certain definite 
amounts, vanadium. Other alloying elements, such as nickel, silicon, 
and aluminium, retard carburisation to a marked extent. The micro¬ 
scopic structure of the steel is correspondingly affected. The resulting 
metal requires careful tempering, rules for which are given. 

If a superficially hard metal is required, it is usual in practice to 
choose a soft metal of the following composition : 

Per Cent. 

Csxboo.• <0'I0 

M a n g anese .<0-40 

Sulphur. -OiH 

Phosphorus.<0-05 

if still greater hardness is required, a low carbon chromium steel 
may be employed, containing 0 75 to 1*0 per cent, of chromium. This 
yields a very liard and also a tough metaL If exceptional toughness 
is required a nickel steel is chosen, but the hardness is reduced. 
The carhonnceous powder employed may be made according to uuinv 
recipes. A mixture of 60 parts of wood charcoal and 40 parts of 
barium carbonate gives good results, and has the double advantage of 
being easily prepared and having a low cost. It can also be used over 
again an indefinite number of times, provided its composition is regu¬ 
lated as occasion demands. 

Steel containing vessels are largely used, but are attacked in the 
furnace, Listing only about 110 to 130 hours at 1000° C., or about 
200 hours at 850" C. Hence their cost is nn important item. 

The finished metal is liable to many imperfections. Sometimes 
patches of uucarburi-ed uietul appear. This is often duo to irregular 
laying of the carburising powder. The worst cases are those in which 
the metal becomes too highly carburised, consequent upon too high a 
temperature or too prolonged an exposure. Irregular carburisation is 
a further difficulty. 

H. do Nolly 1 and L. Veyret have made experiments to ascertain 
the nature of the inflammable gases which are evolved during cuse- 
luirdemng. These gaseous evolutions are sometimes sufficiently ener¬ 
getic to cause explosions. The experiments consisted of analysis of 
the chnreoal dusts and other cementing materials, determinations of 
the volume* of gases disengaged on the heating of such cements to a 
temperature of about 1100°, analysis of the gases produced at various 
stages, and experiments carried out at temperatures of 850° and at 
1050° with the object of ascertaining the influence of the composition 
of the gases on the depth of the ease-hardening. 

In order to diminish the effect of the explosions the following 

« Artur dr UiuUmrfit. Mimunrti, \rol. u. pp. 5.1-011. 
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precautions should be taken: (1) The avoidance, os for os possible, of 
cements containing animal or vegetable matter, which give on abun¬ 
dant (low of gas at low temperatures. (2) The employment, by 
preference, of wood charcoal carbonised at a fairly high temperature 
and mixed with 30 to 50 per cent, of barium carlsmate. The evolu¬ 
tion of gas is much less voluminous and the proportion of hydrogen 
lower. The activity of the case-hardening material appears to be a 
little lower at low temperatures, but at 1000° to 1100° the difference 
is negligible. A mixture of ordinary wood charcoal and coke, or of 
used cementing material mixed with Urium carbonate, may be em¬ 
ployed. (3) It is necessary to heat up slowly to 700°. By this 
means the air contained in the cement escapes, and the sudden evolu¬ 
tion which occurs at about 700° is diminished. 

The case-hardening experiments brought out the influence of hydro¬ 
gen. As regards depth of penetration of case-hardening, this gas 
appears leas injurious than might have been believed. Nearly all 
the cementing materials gave practically the same depth of carburised 
case, no matter what proportion of hydrogen was present The least 
active cementing materials are; (1) pure wood charcoal for case- 
hardening earned out at 1050°. (2) Mixtures of Urium carbonate 
and coke for case-hardening at 850° The large amount of hydrogen 
which was found in the gases disengaged by most of the cementing 
matennls doubtless serves to explain a fact observed by many experi¬ 
menters, namely, that the core of the case-hardened pieces often shows 
before annealing or quenching a coarser grain and greater brittleness 
titan other pieces of the same chemical composition, which have Wen 
heated for the same period of time to the same temperature, but not 
case-hardened, and it is probable that when this injurious influence is 
not observed, cementing materials have been employed which either 
disengage no hydrogen or very little only. The experiments also 
showcx! that hydrogen is much more .laugemua than nitrogen, and 
that to ,U presence might be attributed numerous defects inthe steel 
which hitherto had been regarded «. of obscure origin, such us ext,-erne 
brittleness and bard particles found in place*, which microscopic 
examination proves to U composed of almost pure ferrite, aLl 
are really the junctions of welding of former blowholes filled with 
hydrogen which has carburised the metal at the high temperature of 
forging. It was experimentally moved that hvdrog.n .trongly 
decarbunses steel at a temperature of 800° to 900“ knd render. it Z 
brittle as glass. * 1 

A method of case-hardening where certain parts of the work 
require to be glu-.-hard while it would be of great advantage to 
n>U»n o her partssuft, u described » with referEJ to the of 
the mandrels of certain lathes that were dealt with in this muuTr. 

Case-hardening Fnrnaces -A description is the neir 

case-hardening furnaces at the pUnt of the Warner Manufacturing 

i ro >- *>»■ ix* 109 

* /rm Tr*U ^ pp . 


FURTHER TREATMENT OF IRON AND STEEL. 


547 


Company, Toledo, Ohio. The equipment consist* of a buttery of five 
cast-hardening furnaces with heating chambers, 34 x ■ 2 inches, and 
two heat-treating furnaces with heating chambers, 32 x 48 inches. 
The blast is furnished by a direct motor-driven steel fan pressure 
blower, and a rotary oil-pump is geared to the blower shaft. One 
oil-burner is required for each furnace. Th.-so burners are placed in 
front of the furnaces, parallel with the combustion chambers, and an 
auxiliary air-blast enters the opposite end of each furnace, which is 
intended to take the place of a battle. 

Hardening Furnaces.—s. N. llrayshaw 1 compares the relative 
advantages of gas-fired furnaces for heating steel objects in contact with 
air, and furnaces containing a bath of liquid. A mixture of fused salts 
is a more suitable heating liquid than molten lead, because the salts, 
owing to their comparative lightness, circulate freely, and, measured 
by bulk, they are much cheaper than lend. Suitable mixtures may be 
made which have about the same specific gravity as an ordinary fire¬ 
brick, in which the steel articles will sink. A well-proportioned mixture 
is non-poisonous, and has no injurious action on the steel. I he waste 
by volatilisation is so slight as to l*e negligible, and there is no loss 
due to oxidation. The salts are less severe in their action than lead, 
and cannot possibly adhere so as to be difficult of removal, as often 
happons with lead. Pyrometers, which in atmosphei ic furnaces do not 
necessarily show the temperature of the work, will indicate it with 
precision In a bath furnace, as the temperature of the article in the 
bath is the same as that of the liquid if sufficient time is allowed. 

A lead and salt bath furnace* for hardening or melting uietal, 
designed by Fletcher, Hassell <fc Co., Limited, is so arranged tluit a 
regular temperature is obtained, and the burning or overheating 
of the contents of the crucible is prevented. A fireclay jacket is 
placed between the crucible ami the interior of the fireclay casing of 
the furnace, with a space between the rasing and the jacket and a 
space between the jacket and the crucible ; burners being so arranged 
that they will pass up the space between the casing and the jacket 
over the top of the latter and descend into the space between the 
jacket and the crucible, thereby circulating round the crucible which 
rests on a support, and passing finally to the flue at the bottom of the 
furnace. 

E. A. Dixie* gives an illustrated description of the haidenmg room 
equipment of the Water bury Fanel Foundry Company, ^atorbury, 
Connecticut. 

Ann e aling Furnaces. -A description is given 4 of an oil-bui n- 
ing annealing furnace erected at the works of the American Steel 
Foundries, Indiana Harbour, Indiana. The fumnee is used for anneal- 

* £^fiiwirny voL xiii. pp. 2X3 "i37# 

« Ut*-ManualEngineer, raL uix. p. 367. 

* A meric** Jfackimitt. vol ixir. pp. 732-733. 

4 Ire* Trade Reiteie. vol. L pp. 342- 313. 
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mg manganese steel coatings. The furnace in charged with about 
6 tons of castings, which are raised to a temperature of 18*25° F., 
soaked for two hours,and then quenched in water . In operation there 
is no flame in the furnace chamber to strike the castings, the flame 
being diverted by wedge-shaped blocks placed directly in front of the 
burners. The oil is delivered to the burners at a pressure of 15 lbs. 
per squar e inch, and at a temperature of 100° F. The air is deliver ed 
at a pressure of 20 os. and at a temperature of 400°. 

A description is given 1 of an internally-fired rotary furnace, using 
oil fuel, for annealing and hardening steel. The furnace has a smooth 
internal surface and is mounted in such a manner that its longitudinal 
axis can be varied in inclination to the horizontal, this inclination allow¬ 
ing the material to move forward tinder gravity front the upper or feed¬ 
ing end of the furnace to the lower or discharge end. By varying 
the angle of inclination, the rate of feed can be changed and hence 
the time during which the metal is heated. The pieces are fed con¬ 
tinuously into the upper end of the cylinder, if necessary, by the use 
of a carrying or buffer storage hopper, and come into contact with the 
revolving heating surface, thus absorbing heat from the refractory 
brick lining as well as from the heated gases. 

L. KenUiowski" discusses the heating of furnaces on the regenera¬ 
tive principle, and describes the Herroausen system of regenerative 
heating suitable for annealing furnaces. 

G. K. Hooper* discusses the various mechanical handling devices 
and the general lay-out of annealing shops in mulleable-iron foundries. 


Reheating Furnaces. -A description is given 4 of the Krocll reheat¬ 
ing furnace. This consists of a sloping skid hearth, a welding hearth, 
and a grate situated in front of the latter. The gas generated on the 
grate undergoes complete combustion in consequence of the admission 
of a secondary supply of air which enters below the main vault of the 
furnace. 1 his secondary air is heated in cast-iron boxes arranged in 
brickwork surrounding the grate, and divided into different compart¬ 
ments to compel the air to traverse a long course and remain in 
contact with the hot portion* of the grate for some considerable time. 
Particulars uf u *ts with tin* furnace are hIm> giv^n 

M. Philips* discusses the combustion taking place during the 
working of a reheating furnace. e 

The Gordon-Prall continuous-heating furnace which utilises oil or 
gas for fuel is described an. illustrated. The burners of this furnace 
are distributed along the roof and the gases impinge upon the sloping 
portions of the roof, thereby be,ug deflected longitudinally alungthe 
furnace instead of aero*, lU wrdth, as is generally the custom. Three 
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of these furnaces Irnve been installed at the plant of the Republic 
Iron ninl Steel Company for heating rods. 

Heat Treatment of SteeL —K. Friedrich * discusses the value of 
thermal analysis in commercial smelting operations, and in other 
processes involving high temperatures —the arrests observed in the 
heating or coaling curves affording valuable information its to the 
temperatures at which physical or chemical changes U-gin in the sub¬ 
stances studied. When, for example, iron oxide and carbon are heated 
together in an atmosphere of nitrogen, a break in the continuity of 
the curve is observed at about 900° C„ indicating heat evolution con¬ 
sequent upon the reduction of the oxide. 

In a lecture on tool steels delivered before the Coventry Engineer¬ 
ing Society, H. Brearlev* described the changes which take place 
during the heating and cooling of steels, and drew special attention 
to the numerous ways in both these operations by which tools become 
defective. He also dealt with the various conditions which favoured 
the formation of cracks in tools, more particularly during the harden¬ 
ing opeiation, and stiongly advocated research into their origin. 

J. V. Emuious, 0 in dealing with the stmeture and heal treatment 
of tool steel, discusses the microscopic constituents and the effect 
of annealing and quenching. 

J. It. Ilerron i * * 4 5 descrilies the equipment of a plant and the methods 
employed for the heat treatment of steel, with special reference to the 
treatment of low carbon steels. 

Particulars are given * of a method of hardening steel by infusion. 

U. Bdrnecke 4 describes an electrical arrangement fur heating metal 
tires uniformly for the purpose of expanding them previous to fixing 
them on wheels. 

Hardening Temperatures of Tool Steel.— W. S. Sullivan • gives 
a classification of tool steels according to grade, carbon content, and 
the purpose for which they are required. He recognises five classes 
of steel which he denotes by five temper numbers which should con¬ 
tain carbon in the following percentages; 

Carbon per Cart. 

* . 0-7 to <>-8 

S. 0-8 to 0-9 

3 . . .. „ . . . . Oil lull) 

* .. 190 to 1-19 

B . I-16 to I -31 


i Stahl und Eittn, vol nxi. pp. 1000-1917. 2040-2048. 

* Mechanical Eng inter, voL uvui. p. 778. 

> Paper read before the Metal Trades Superintendents and Korenieo s Club ol Cleve¬ 
land. C.S.A-. February 17. 1912; Inn Trade Etvinu, vol. L pp. 490-462 

• Paper read before the Metal Trades Superintendent' and Foremen s Club of Cleve¬ 
land. U.S.A.. Novemlier 18.1911; Inn Age, voL Lusviu. pp. 1149-1144. 

* Iron Trade Emm, voL L p. 436. 
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5 Paper read before the New York Railway Club, November 17. 1911 . Engineering 
and Mining Journal, vol. icti. pp. 1216 1217 ; Inn and Coal Erodes Emm. vol. lutxif 
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No. 1 is suitable for crow-bars, pi neb bars, pick-points and wrenches, 
sledges, hammers, and rivet seta. The steel should not be heated 
above 1800° F. for forging. It should burden at 1485°, and should 
be capable of living annealed at 1300° to 1350°. No. 2 is suitable 
for track and boiler-makers' tools. It should not be heated above 
1800" F.; can be hardened at 1480° and annealed at 1300° to 1350°. 
No. 3 is suitable for cold and hot chisels and rock-drills, shear blades, 
and punching tools. It should not be heated above 1750 = F.; can bo 
hardened at 14155° and annealed at 1300° to 1350°. No. 4 is suitable 
for machine drills and general machine-shop drills, lathe tools, tups, 
dies, and reamers. It should not bo heated above 1700° F. for forging ; 
can be hardened at 1460° and annealed at 1300° to 1350°. No. 5 is 
useful for brass-cutting tools and general small machine-shop tools, and 
should not be heated above 1700° for forging. It cun be hardened at 
1455° and annealed at 1300° to 1350°. 

8 . N. Brayshaw 1 discusses the best method of quenching carbon 
steel after correct heating for hardening. Experiments were made 
showing the effect of changes of temperature in the quenching bath ; 
and the author also considers the boiling-point of water in relation to 
its quenching capacity, the effect of stirring during quenching, the 
effect of adding acid or salt to the quenching bath, the results of very 
quick quenching, of quenching in oil and in mercury. Mercury is 
greatly inferior to water as a quenching medium, chiefly on account 
of its very low specific heat and its greater density, which makes it less 
easy to agitate the object to be hardened. 

If. \\ alker 1 deals with the hardening and tempering of carbon 
steel tools. 


Bolling Iron and steel - F. Hunker 3 discusses the rolling of 
thin iron bars of various shapes—namely, circular, square, T-form, 
and numerous other shapes for special purposes. The use of 3-high 
rolls and of pairs of 2-high rolls is advocated, and copious diagrams 
drawn to scale illustrate the most convenient arrangements for par¬ 
ticular purposes. For simple forms, such as round and square bars, 
3-high rolU are recommended, the middle roll remaining fixed. For 
T-shaped bars or angles a pair of 2-high rolls is required. 

fv. Neu * deals with some interesting phenomena observed during 
the rolling of steel in the rolling-mill. 

It. B. Woodworth 5 gives an historical account of the manufacture 
and design of iron and steel beams and girders. 


Manufacture of Tubing.- J. F. Springer* describe* a method of 
manufacturing tubing by a process of rolling sheet-metal and subse- 

1 Enfinttrinr Mafaxint, ml. xlli. pp. 3M3--309. 

» Canadian Xfaikintrr. mt »m. pp. 26-27. ki 
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quently welding with oxygen and acetylene. The process is con¬ 
tinuous, and a special welding-machine is used. 

Forging. —The plant of the Canada Forge Company. Limited, 
Welland, Ontario, for the production of heavy forgings is described. 1 

If. Ostwald* discusses the question of the production of small 
articles such as spanners, &e., in large quantities by special rolls. 

Turning Steel Ingots to remove Surface Flaws. —C. Poipers* 

discusses the advantages of casting steel ingots in cylindrical form 
when they are destined to be used in the manufacture of numerous 
relatively small articles. Surface impurities can then be easily 
removed by turning the ingots before rolling. 

Electro-Magnets for Handling Material-— E. C. Ibbotson* 

states that the first horse-shoe type of electro-magnet is now' being 
superseded by the pot rnugnot, of which the Witton-Kramer is an 
example. The coil of this magnet is me chan i c al l y protected by a 
solid shell of special high permeability steel in which it is enclosed, 
and is weather proofed bv vacuum drying ami impregnating under 
pressure with hot bitumen. 

• 

Electric Welding. —A description of the K jell berg arc-welding 
process is published.' Instead of a carbon electrode Kjellberg usee 
an electrode consisting of a metal core encased in a material, the con¬ 
stituents of which are intended to prevent the inclusion of foreign 
matters in the weld. The electrode also contains a practically non- 
fusiblo substance which forms a reducing atmosphere round the arc 
and prevents oxidation of the weld. Continuous current is employed 
ut atsiut 100 volts, the arc taking about 120 amperes. Results show 
that specimens of rectangular section with nu area of about one-half 
square inch when welded had a yield point of ltt’71 to 17*28 tons per 
square inch, with a percentage elongation in 2 inches of 6'5 to 12*5. 
The material originally hod a yield point of 17'20 tons and elongation 
of 36'3 to 44'3 per cent, in 2 inches. 

The arc-welduig plant of the Pittsburg Railway Company is de¬ 
scribed. 11 The apparatus is used for repairing all kinds uf construc¬ 
tional work except parts consisting of cast iron. The electrodes ore 
generally of carbon, but for light work, such as welding sheet-steel, 
an electrode of cold-rolled steel is used, the melting of which provides 
the additional metal required. In welding a flux is used, the follow¬ 
ing mixture having been found to give satisfactory results: Rurax, 
17 parts; brown oxide of iron, 1} parts; red oxido of iron, 1} porta 

> Canadian Machinery, vot via. pp. HO. 
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•Statements are given showing the economies which have been effected 
by the adoption of this method of executing repairs. 

The Thomson electric welder, designed for the butt-welding of all 
classes of mutcri&l, is described and illustrated. 1 


Autogenous Welding— J. F. Springer- describes an acetylene 
blowpipe for cutting unu welding iron and steel. On the machine 
three jets arc arranged in a rigidly vertical position, the gases being 
driven directly downward. In front is a heating-jet of oxvgcn and 
acetylene; at the rear is another but smaller heating-jet. Between 
the two the cutting-jet of oxygen is arranged. An oxvgen and an 
acetylene tube together supply the gases for the two "heating-jets, 
ihus these jets are both supplied from the sauic sources. A n inde¬ 
pendent oxygen supply is provided for the cutting-jet, for the rtuuion 
that ordinarily the back pressure of this jet is higher—and -ome 
times much higher than is the case with the heating oxvgen. 
The forward jet provides licat for the metal, which is probably 
lost by the time the pure-oxygen jet comes into play. This jet 
may lie only _ inch behind. Still it would seem that conduction 
would cairy off a considerable amount of heat while the eutting- 
jet is getting to the spot, especially where the movement is a slow 
one, as with very thick steel. The rear jet provides additional heat 
and thus reduces dissipation by conduction. Its sphere of operation 
is m the region where much of the wasteful conduction would take 
place. In the case of thin plates the rear jet is scarcely necessary, 
and may be shut off. J 


E. H. White* deals with the considerations affecting the design 
ami choice uf suitable apparatus for oxy-acctvlene installation and 
gives the rules of the National Ihardof Fire Underwriters of Chicago 
covering such installations. 

H. Cave* deals with the oxy-acotylene process of welding and 
cutting, with special reference to the Duvis Boumouville equipment. 

. V- u «‘ n “ on ' describes some welding and cutting options 
earned out by means of the axy-ncetvleue blowpipe. 

A description 1ms appeared" of apparatus used in theCvclone oxy- 
acetylene weMinj* process. * * 

H W. Jacobs ' deals with the method or welding locomotive parts 
,n the shops of the Atchison, Topeka, and Santa F6 Uailwav. 

V- R ^ welding processes. Autogenous 

welding his become the accepted name for arc tUm, and sometimes 
thorm,t welding but, . nctly shaking, the tana means either self- 
welding, which u ridiculous, or welding with the same metal, whereas 
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two different metals are often united, sometimes even with a third 
metal. In the real sense of the word it is not welding, for there is 
no compression or hammering, exeept incidentally, in the belief tliat 
it improves the structure of the added metal. The simplest definition 
of autogenous welding is the uniting of metals by heat alone. Of 
the different lands of torch or blowpipe welding, the two of chief 
commercial importance nre the oxy-hydrogen and the oxy-acetylene 
systems. The oxy-hydrogen process is the older but has not been 
developed quite as rapidly, although for certain applications it has tlio 
advantage of its competitor. Whore the greater heat intensity of the 
oxy-acetylene torch is of no advantage, the oxy-hydrogen with a 
temperature of about 4000 f1 F. gives as good results, or even better. 
Another advantage is that it makes use of a by-product of the 
electrolytic decomposition of water, one of the l>est methods for pro¬ 
curing the purest oxygen, and a process that is becoming an important 
one commercially for making oxygen for the acetylene torch its well. 
Further, hydrogen can safely be compressed into tanks for supplying 
the portable outfits, whereas acetylene mnst be dissolved in acetone 
to be handled safely when compressed above two atmospheres. The 
ideal arrangement would seem to be the providing of nil three gases, 
oxygen, hydrogen and aeetylcue, employing apparatus for the electro¬ 
lytic production of the first two gases and an acetylene generator, and 
mung the oxy-hydrogen and oxy-acetylene torches on the work for 
which each is best adapted. The purer the oxygen the better, as 
even small percentages of impurities decrease the economy and 
weaken the welds. Oxygen produced by the electrolytic process is 
ill* pur cent, pure, the only impurity being a trace of hydrogen. 
The methods of generating the several gases and of regulating 
the pressure are described and various types of welding and cat- 
torches and of complete welding apparatus are also illustrated and 
described. 

E. W. Smith 1 deals with the use of high-pressure gas for melting 
metals. 

Thermit-Welding'. —G. K. Pellissier* describes the process of 
thermit-welding. The chief application of this process is in welding 
pijie line- for compressed air, high-pressure steam, and hydraulic 
pressure, where the operation has to be carried out in titu. As the 
outfit required for welding 4-inch pipes weighs less than 100 lbs. and 
can be manipulated in a small space, pipe-lines can lie welded which 
would otherwise have to be provided with mechanical joints. 

C. B. Auell * describes the Bcnnrdos, Slavianoff. and Zerener pro¬ 
cesses of arc-welding. Like oxy-acetylene and oxy-hydrogen weld¬ 
ing, all of these processes are classed as autogenous, since fusion is 
accomplished without pressure, simply by allowing the metals to mix 
and unite as they cool. 

1 Journal Got Lighting, vot. am. pp. 700 701. 
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Chains—W. Thele 1 draws attention to the great importance of 
using trustworthy chains for ships’ anchors. 

A review is given 1 of the development of the chain-making industry, 
together with descriptions of some of the important chain-making 
machines. 

Steel Belts for Power Transmission. — L. Silberherg * discusses 
the conditions required in the design and application of steel bands 
for the transmission of power. The material used is a carbon steel, 
rough-rolled while hot, and then cold-rolled to thicknesses varying 
from 0-2 to 0 9 millimetre and 12 to 200 millimetres in width. * Bv 
means of u hardening process the tensile strength of the finished 
hands is raised to 150 kilogrammes per square inch. The width of 
tho bunds for ordinary transmission purposes is 300 to 350 times the 
thickness, hut the higher the tensile stress in working, the lower is 
the permissible bending stress due to passing over the pulley, and 
therefore the thinner the bond which can he used on a given pullev 
diameter. 


Recovery of Tin from Tinplate Scrap. — A description lias ap¬ 
peared « of an electrolyt ic method for the recovery of tin from tin-sheet. 
The process ls carried on at several works in I taly, tho electrolyte being 
a sodium-hydroxide solution, the anodes being tin-sheet scrap and the 
cathodes being iron plates. The tin is dissolved in the form of sodium 
sUnnute and deposited at the cathode as rnetul. while the soda is 
regenerated. The most favourable concentration of the bath is from 
1° to 12 per cent, total alkalinity, the free alkali not exceeding 7 per 
cent The spongy tun is removed every twelve hours bv carefully lift¬ 
ing the cathode and dipping it in water. This precaution is necessary 
to prevent the oxi.lation of the tin by air. After the spongy material 
has been complete y freed from soda by careful washings it is com 
pressed in * small hydraulic press and afterwards melted in a furnace 
m sailed tubes The product, which contains about 50 
metallic tin and 50 per cent, oshe*, mixed with nowderet 
is reduced in a small open-hearth furnace. 


r tr cent, 
curtain, 
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Volume Changes in Oast Iron during Cooling.— T. Turner 1 
discusses the solidification of iron castings in the mould, lie 
points out that shrinkage varies according to the size of the mould 
and the shape of the casting, but is generally about 0*125 inch per foot 
with ordinary foundry mixtures. A white iron displays the greatest 
amount of shrinkage, while an open grade produces a casting more 
nearly the size of the mould. The author demies the terms shrinkage 
and solidification. Shrinkage is the difference between the size of 
the mould and tho casting when cold. He ignores the definition 
sometimes put forward associating shrinkage with the molten metal 
and contraction with the solid casting. As regards the term solidi¬ 
fication, this to the physical chemist implies that process whereby 
crystals give out their latent heat of fusion, but this distinction is 
not necessary for practical work ; solidification might he taken as that 
state in which the metal is cool enough to retain its form after 
removal from the mould. lie also describes his own and Wiist’s 
methods of measuring shrinkage. Dealing with the equilibrium 
diagram, the author briefly explains its application, and also describes 
how the dendritic structure of iron crystallisation is formed, enclosing 
areas of eutectic. 

A. Measerschmitt 3 contributes an important article, in which are 
discussed the various changes in volume experienced by molten cast 
iron as it cools. At first the molten casting decreases slightly in 
volume, but suffers a notahle increase as it solidifies, since the solid 
metal is less dense than the liquid at the same temperature. Shrink¬ 
ing now sets in, however, as the solid metal still further cools. Since 
the outside solidifies first, a pressure is soon set up between the 
solidifying and hence expanding interior and the now solid and 
relatively immovable exterior, with the result that in many cases 
tho inner portion yields a solid of even denser composition than the 
original liquid metal. Sometimes under the influence of this pressure 
the molten metal presses its way out through the [tores of the solid 
shell and the casting bleeds. As the outside shell still further 
cools and contracts, a new pressure is set up, but when the inner 
portions likewise cool and contract in their turn, cavities are produced 

1 Paper read before Uv Britiib Foundrymen's Association, December 8, 1911; Iron 
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in the metal. The author gives the results of allowing a block of cast 
iron, clamped at one end, to cool slowly, and shows that the higher 
the percentage of silicon, and therefore of graphite, the greater is the 
initial expansion during solidification from the molten condition, hut 
the less is the subsequent shrinkage. The temperature of casting hit. 
an important influence on the result. If the iron is relatively cool it 
quickly sets in the mould anil cavities are produced which weaken tho 
casting. A very hot casting, on the other hand, takes a longer time 
to cool, with the result that a greater separation of graphite takes 
place although no cavities are formod. If this graphite separation is 
excessive the casting is again weakened. The best results accrue 
by casting at temperatures between the two extremes. Thus the 
tensile strengths obtained for grey cast iron with 178 per cent, 
silicon cast at various temperatures were as follows : 


Casting Temperature, 
Degree* Centigrade. 
1400 
1350 
1245 


rrn.ito Strength in Kilogramme* 
per Square Millimetre. 

15 
22 

16 


Each metal has apparently an optimum casting temperature. 

Cavities in casting may be avoided by allowing a sufficiently high 
percentage of graphite to form. High sulphur and manganese assist 
cavity formation by increasing the percentage shrinkage of the metal 
after solidification. 


Volume Changes as an Indication of Strength of Cast Iron — 

If is well known that chemical analysis and the results of mechanical 
tests do not always indicate which material is the l**t for certain 
,«ses. A. Messerschnntt' describes a method of testing cast iron 
based upon his observations, previously published,* on the alterations 
u^olumo experienced by moftim cast iron as it cools down to below 
400 C. The suitability of the iron for *j>eci»l purposes is determined 
upon by studying the change* undergone during cooling under well- 
dehneil ronditions, and adopting those compositions and conditions 
which give the most suitable results for the purpose in hand. 

r^Trnlf 6 of Composition and Structure on Strength of 

Cast IrorL-J. J. Porter discusses the groat difference existing in 
the liehaviour of many brand, of pig iron, which cannot apparently 
be accounted for on the ba,„ of chemical composition as ordinarilV 
determined. Healing with the properties of coke and charcoal 
irons tho author states that the most noticeable difference is in 
tiio toughness or strength, winch in charcoal iron is much greater, 
the grams having a tenacity which causes the iron to tear rather 
than to break off short The difference is also noticed in tl.e pro 
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pertie* of shrinkage, tensile strength, and depth and diameter of 
chill. \\ ith such similarity in composition as is possessed bv the 
two materials, such differences in properties are very difficult of 
explanation. It is well known that charcoal iron is finer in grain 
than coke iron of similar composition, and that this closer grain is an 
almost invariable accompaniment of strong iron. It may therefore be 
assumed that a part at least of the differences in pig iron is due to the 
variations in size, shape, and arrangement of the graphite flakes. This 
theory is not, however, considered by the author satisfactory as an 
ultimate explanation. After reviewing various theories he states that 
perhaps the most generally accepted one is to assume the presence of 
variable amounts of oxygen in the metal. The most conclusive evi¬ 
dence is the actual isolation of magnetic oxide from samples of iron 
which have been badly burnt on the hearth of an air-furnace, and are 
known to have bad the characteristics commonly attributed to oxidised 
metal. This theory fits in well with all that is known regarding the 
relation between blast-furnace practice and the properties of the iron 
made. While accepting this theory as probably substantially correct, 
the author suggests that possibly a modification of it may be still 
nearer the tmth. It is generally assumed that the oxygen is present 
ns dissolved oxide of iron, but it seems possible, if not probable, that 
it may he rather in the form of oxy-sulphide of iron, which has been 
shown by Campbell to be capable of existing in iron and Bteel at high 
temperatures and to possess remarkable powers of diffusion through 
the solid metal. 


Influence of Vanadium on Cast Iron.— J. Kent Smith, 1 in 

dealing with the uction of vanadium on cast iron, states that it is 
best applied in the form of the alloy ferro-vanadium. Compounded 
in such a way as to ensure a maximum of solubility and a correspond¬ 
ingly low melting-point, an alloy containing 30 to 35 per cent, of 
vanadium. 10 to 12 per cent, of silicon, and a little aluminium was 
found to give the best results in the case of cast iron, because it melted 
at a lower temperature than the iron. About 0*15 per cent', of vana¬ 
dium should he added to the metal ns it is poured into the ladle; 
the metal should lie well rubbled to ensure thorough incorporation. 
The most, important strengthening action of vanadium resulted from 
its actual presence as a constituent of certain complex carbides, which 
were revealed by the microscope, and which might be described as 
carbides of iron, manganese, and vanadium. By the addition of 015 
per cent, of vanadium to certain cylinder iron, the tensile strength 
was raised from 13 4 to 1-4*7 tons; iu another sample, using 0*2 per 
cent, of vanadium, the tensile strength was increased from 11*6 to 
16*5 tons. Similarly the transverse tests on a fair sample of cylinder 
iron were improved from 2500 to 3100 lbs., while other samples were 

» Paper retd before a joint met mg of the Bummghatn Branch of tl* British Foundry- 
men's Association and the Staffordshire Iron and Steel Institute. January 27. 1M12* 
Foundry Tradt Journal, vol. »». pp. H+ H'i. 
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improved in varying degree* from 10 to 60 per cent. These improve¬ 
ment* were obtained without any sacrifice of deflection. 

Segregation in Castings. -G. L. Rhead, 1 in dealing with pellet# 
and segregation in iron castings, discusses in detail the complex 
character of cast iron anil the peculiarities of saturated solutions 
when solidifying. The author states that the metal in the ladle 
often contains less carbon at a higher teni|>eratiire than is attained 
in melting. This points to the fact that the metal contains more 
carbon than it is capable of retaining at the temperature at which 
it is cast. Such metal might make satisfactory thin castings, pro¬ 
vided that the separated graphite could be got rid of by a “ riser" 
or head. Phosphorus is the most fusible constituent in iron, and 
consequently it lowers the melting-point of the solutions into 
which it enters more tlian any other substance present. The brittle¬ 
ness of phosphoric iron when cold unfit# the castings for heavy 
machinery, and the weakness when hot may lead to fracture when 
cooling. In strong close grained castings, the’ silicon contents of which 
are kept low to ensure closeness and strength, it follows that the 
phosphorus must he low ; for great strength the maximum is 0*2 per 
cent, or 0*3 per cent. The relative behaviour of, carbon, silicon, and 
phosphorus explained the vagaries observed when examining different 
samples of iron in which the phosphorus contents were shown by 
analysis to be the same. In some cases the formation of pellets was 
noticed, and thesi* sometimes occurred occupying a kind of cell which 
they did not alwayB completely fill; sometimes they were found loose 
in cavities. Analysis of the pellets showed that they contained much 
more phosphorus tlian the hulk of the metal; thus 'a pellet from iron 
with 1*9 per cent, of phosphorus contained 4*06 per cent, of phos- 
phorns. The segregation of phosphide leads to curious results when 
.the motal is subjected to heat; it, may melt and liquate out, or the 
interior of the casting may melt out. 

Growth of G&st Iron. H. c. H. Carpenter* gives the results of 
further research into tho cause of the growth of cast iron after repeated 
heatings. 1 


The Relation of Test Pieces to Castings.— It is „*ual when 

casting to take a sample of the metal out of the ladle during the 
operation and determine the strength of this test-piece, and to assume 
that the casting itself will havo the same properties. J Treuheit * 
and L. Treuheit draw attention to the fact that this is illogical and 
may lead to very erroneous results. For example, the strength of a 
casting depends upon a variety of factors, such as 

. ... (/) Temperature of casting. 

(b) Chemical composition. (J) IUte of cooling, Ac. 

pp. sfCniT 11 bel0n BO,,ih Foundr > rma *'‘ AwocUUoo: toL cnmriii. 

a Paper read before the Brilith Foundmnen'. A..™-;-,.;_ _ _ _ 

* .VtoW mmd Ei»». »L mil. pp. 5H-51JK ' Februa V MW. 
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Now the test-piece can only have the same strength as the casting 
whan all the factors are the same, and in practice this is not the case. 

Influence of Shaue of Test-Bars.— W. Gordon 1 and 0 H. Gulli¬ 
ver have investigated the influence of the ratio of width to thickness 
upon the apparent strength and ductility of flat test-bars of soft steel. 
The bars were rectangular in section, having n uniform thickness of 
i inch, 1-ut with widths vnrying from | inch to 4 inches. Neither the 
elastieit y nor the ultimate strength were affected by the sire of section, 
but tho ductility was found to vary considerably. For a fixed gauge- 
length of 8 inches the extension incrcnaed as the ratio of width^to 
thickness varied from 2 to i inches. It remained sensibly constant 
us the ratio varied from 7 to 12 inches, and then uguin rose as it 
varied from 12 to 16 inches. The extreme difference of extension was 
10 per cent., or nearly one half the extension of the narrowest bar. 
For n variable gauge-length equal to 11 times the square root of the 
area similar results were obtained, but the extreme difference of 
extension was only 2 per cent., or about one-fourteenth of the exten¬ 
sion of the narrowest bar. 


Blowholes in Steel Ingots. —K. Trouhine S deals with the forma¬ 
tion of surface blowholes in steel ingots. During the casting of a steel 
ingot poured from above, the inferior surface of the ingut mould is 
frequently injured by the splashes of the nietal. It i« very seldom 
indeed that the temperatures of both the metal and the ingot mould 
are such that the bubbles detach themselves from the sides of the 
ingot mould without leaving traces. In order to avoid the formation of 
the surface blowholes thus formed various means have been adopted. 
At the Obouchoff Works the following simple arrangement has been 
employed : Before pouring, a truncated cone made of sheet-iron, speci¬ 
ally strengthened in places, is lowered into the ingot mould by means 
of three cables which p<»ss over a pulley and can be manipulated by 
hand. As the cone rises it becomes much heavier, owing to the 
splashes of metal which udhrre to it. When it arrives at the top of 
the ingot mould it is either withdrawn or left on the top of the mass. 
The splashes which ordinarily imping© on the walls of the ingot 
mould are received in this cone, which, on withdrawal, will be found to 
be encrusted with splashes, mostly of circular shape and various sixes. 
These .-plashes are hollow, and their walls are sometimes so thin that 
they collapse on cooling; while others, on the other hand, are much 
thicker, the hollow spne.- within representing hut a small percentage 
of the whole volume. The method of formation of the splashes and 
the physical conditions underlying their formation are discussed, and 
it is to their formation within the ingot itself that so many of tho 
superficial blowholes which occur during casting are due. This pheno¬ 
menon is accompanied by another of somewhat doubtful nature, which 


' TraHSMtimi of the Royal Sxiety »f EdinhirgH, vol, alvlil. (Port l.t.pn. 195-214 
* Kr. mt it iiit&llurgi*. J/M’lro, »ol. lit. pp. 127 - 132 . 
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results from the chemical action of oxidised splashes on the molten 
metal, and may result in the production of blowholes due to carbon 
monoxide. An examination of ingots cart with this cone contrivance 
shows them to be free from the ordinary surface blowholes, and to 
possess only a few deep-seated blowholes caused by splashes of metal 
which have been projected above the cone. Experiments were made 
by allowing a con© to be in contact with the top of the metal, and in 
other cases by raising it a little above the tipper surface of the metal, 
and the results are claimed to prove the contention that to these sur¬ 
face splashes much of the phenomenon of surface blowholes must be 
attributed. 

Prevention of Pipe in Ingots. —C. Canaria 1 discusses the em¬ 
ployment of thermit for the prevention of piping in ingots. This 
hinges on the fact that, when iron oxide and aluminium are brought 
into contact at temperatures above 1200°C., the latter metal combines 
with the oxygen, liberating metallic iron, and simultaneously raising 
the temperature to atiout 3000° C. 

SFeO+aAI=SFe-t-Al/> > . 

The thermit is Wept in cylindrical sheet-iron 1 sixes. The ingot is 
poured in the usual manner, and the mould allowed to remain on 
until a crust bns begun to form on the surface of the ingot. 
The thermit box Is now introduced and plunged to the bottom of 
the liquid metal. The reduction proceeds vigorously throughout the 
moss of metal, for the thermit iron and slag are so intensely hot that 
their specific gravity is appreciably less than that of the metal compos¬ 
ing the ingot. II euce they rise rapidly to the top, and the reaction pro- 
ct-ds throughout the whole ingot. At the end of the reaction the level 
of the metal falls some 7 to 15 centimetres in the ingot. More metal 
is immediately added from the ladle, the mould subsequently removed, 
and the ingot is rolled in the usual way. In this wav piping is 
prevented. J r r * 

Segregation in Steel. £• Heyn - and O. Bauer discuss an 
interesting instance of segregation occurring in a steel tube The 
cross-sect ion was Studied mirrographically. and exhibited a curious 
structure on etching with copper ammonium chloride. The outer 
shell of the tube remained bright, the inner portion yielding a dark 
coloration. Upon analysis the following results were obtained 



Outer Shell. 

timer Portion. 

Phosphorus . . , 

Sulphur • ♦ . . . 

Per Cent. 

0-029 

0-03B 

Per Cent. 
00© 

0-086 


» StaMl mmJ i/m, x«a. pp. 30.V911. « / t U.. pp. * 4 - 409 . 
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The interior of the tube, therefore, possessed an abnormally high 
sulphur and phosphorus content. 

Comparison of Qualities of Basic and Acid Steel. — A 

comparison of the quality of acid and basic steel is instituted by 
W. II. Keen * in a criticism of a recent paper by H. Fay. The 
relative advantages and disadvantages of the two processes of manu¬ 
facture are summarised as follows: — 

Factors which mat Lead to Inferiority. 

And. 

1. High phosphorus. 

2. High sulphur. 

3. Oxide of iron, which on account of the slow reaction of the bath 

lias to be added to hasten the removal of carbon and other 
elements. 

4. Manganese burns out completely, so that sulphur has to be 

neutralised by the ferro-manganese added nt almost the last 
moment before tapping. 

5. Usually silicon is present to such an extent that it is not safe 

to add sufficient excess to the ladle to produce a good de¬ 
oxidising effect on the metal. 

Basie. 

1. Occluded slag, which is very likely to be present in larger quan¬ 

tity than in acid steeL 

2. Oxide of iron, which has a greater tendency to form on account 

of the basicity of the slog, although partly eliminated by the 
manganese, which is always present. 

Factors which may Lead to Superiority. 

Acid. 

1. Oxide of iron not as likely to form, but not necessarily absent. 

2. Small amount of slag necessary in the bath, and thus probably 

very small amounts only are likely to go into the steel. 

Basic. 

1 . Low phosphorus. 

2. Low sulphur. 

3. Manganese is always present in the bath, and therefore ihas 

plenty of time to react with the sulphur, and put it into a 
less harmful condition. 

4. Silicon burns out, so that a large amount may be added in the 

ladle to act as a deoxidiser. 


* Iron Agt, vol lxxxviii. pp. 324-32*1. 
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Detail? of a series of tensile tests on steels made by both processes 
are also given. The prevailing opinion is that acid steel is superior 
to basic, but basic steel is not inferior to acid when equal care is 
used in the melting. A variation of 7000 lbs. in tuosiie strength is 
quite possible in two test* from the same bar as received from the 
mill Knowledge of testing materials at the present time is insuffi¬ 
cient to enable acid steel to be distinguished from luisic when of 
identical analysis, but an empirical formula worked out by A, G. 
McKenna is of value in judging the merit of steel by menus of the 
physical results, and allows predictions to be made os to limits which 
con be attained in elongation and tensile strength. 


New Methods of Mechanical Testing - R. Guillery > summarises 
the principal methods of testing m order to ascertain the chief physical 
properties of metals, which be classifies u hardness, elastic 'limit, 
elongation, and resilience and describes and illustrates with diagrams 
new machines for the Kill harness test and for ascertaining elastic 
limit and resilience. All these methods are applied either to the 
finished piece or to small and cheaply obtained test-pieces. Thev are 

AlSSLH T 100 • 8maU “ < « ,,ftntit y of the **tal to be tested. 

Although to this criticism it may be urged that if one of the two 

propemes-elastic hunt and resilience-be known, the tlnrd-hard- 
ness-is. in contradistinction to the tensile test, capable of revealing 
the homogeneity of the metal, and if the latter in ita relation to hard¬ 
ness is pruve.1 the probability is great Hint, homogeneity as to eln-tio 
b»„ •»,! redli.™ will .i»ia,l/„i». B«aJ££%Z£££i 

the elastic limtt. the most important quality to ascertain it, fast 

’muijsssr. “‘1“. “ ssr.3 

ria s £5ft*jar2 i tr£!r 

for elastic limit, resilience^d^K^ 0 ^/^^ if te8ts 

tol?an^ock^ tW ^ with"!?13?3 


me^tf! 1 o^thc^n?!?’ Hopkinson 1 ha*expeii- 

frequeney. The apparatus ^d wa. ^- n *^! 8tr « 88 «* ‘>* h 

which a test-piece. $ inch diameter and ^atl > ^,10 tester, in 

cally, the lower end being attoclnsl to he vT * ° n? ’ ~,“ 8 fixed vert ‘‘ 
of the piece carries a weight. The weiJhr 'i . T ‘ le u PP« r eud 

magnet placed above it, and excite! bv^lt " a *f lractad by an electro- 
S escited by alternating current. The pull 

® iftVttf it J///4//cmf IDa ,rtirm > ■ 1 

’ ** R* wlffl pp . l31 . HB 
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thus npplicd varies periodically between zero and a maximum value, 
the frequency of the variation being twice that of the current. The 
test-piece behaves as a spring, the lower end of which is held fixed, 
while the upper end carries the weight and is free to move in a 
vertical direction. The adjustments are such that the nntural peiiod 
of vertical oscillations of this system is approximately equal to tho 
period of the varying magnetic pull, which accordingly sets up large 
forced oscillations of its own period. By thus using the principle of 
resonance with a current frequency of 60 periods per second the innge 
of pull applied by the magnet may be magnified from 20 to 70 times, 
and the stress produced iu the piece can readily be made to alternate 
between 20 tons per square inch tension and 20 tons per square inch 
compression. The number of complete cycles per minute is 7200, and 
1,000,000 reversals can be performed in 2J hours. The test-piece is 
fitted with a simple form of optical extensometer, whereby continuous 
observation can be kept of the change of length occurring in a cycle 
of stress. Fiom the change of length the stress can be calculat' d if 
the piece is approximately perfectly elastic under the stress which is 
being applied. Kndtirance tests made in the new machine on mild 
steel showed that the steel would stand at least twenty milliou cycles 
of stress, ranging up to 20 tons per square inch. Comparative tests 
of the same steel, made by T. E. Stanton in a direct-stress testing 
machine, Bbow that the life of a specimen, both in number of cycles 
and time, is not appreciably altered in increasing from 1100 to 2000 
revolutions per minute, but at 7000 cycles the endurance in both 
respects is considerably greater. Fatigue being the cumulative effect 
of internal slips, the higher speed reduces the time available for the 
cyclical permanent set and increases endurance. Recovery, which is 
opposed to fatigue, is more complete at low speed*, hence euduranco 
is also higher at low speeds. The total effect is to make the endur¬ 
ance fall with speed to a very flat minimum and then to rise again. 

Fatigue of Welded Joints.— T. E. Stanton* and J. R. Punnell 
describe experiments undertaken with n view to obtaining a com¬ 
parison of certain properties of welded joints, made by different 
processes and different makers, with the corresponding properties 
of the unwelded material from which the joints were made, and 
thus arriving at an estimate of the general efficiency of modern 
welding processes. In response to an invitation to vniious engineers 
to submit specimens of welded joints for testing, a total number of 
167 joints were received. The method of welding and treatment of 
the joints was left entirely to tho makers, the only condition imposed 
being that all specimens should be made fiom bars lj inches in 
diameter. The joints were subjected first to n tensile test, and 
secondly to a fatigue test by the Wohler method, the former including 
determination* of the elastic limit, the yield point, the maximum 
stress, the total elongation, and the general and local elongations. 

1 Paper read before tbe Institution of CTttrfl Enginrerv Lfoormber 12, lStl. 
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Tlit< mean result of the tensile test* on the welded joints, expressed 
us a percentage of the strength of the original material from which 
the joints were made, weru :— 

.. .. PerCent. 

Hand-welded trim.. 

Hand-welded sieel.81 0 

Elect!.Lilly.welded iron.89'If 

Electrically- weldeil Heel ..... 03-4 

JoinU made by the oxy-acetylene process were also submitted by 
two makers, but the results were not compurnble with those obtained 
by the hand or electric processes. The various determinations made 
in the tensile tests showed a distinct want of uniformity in the 
material in the region of a weld, but the results of the fatigue tests 
proved that this does not materially affect its resistance to reversals 
of stress. \\ hen failure under alternating stresses of low value takes 
place, it is invariably due to a defect in the actual weld itself. The 
number of defective joints which were discovered in the whole investi¬ 
gation, however, leads to the broad conclusion that in important work, 
where the failure of any particular wedded joint may involve serious 
damage to the structure, the subjection of each joint to a proof-load is 
still desirable. 


Tests on Boilers. — J. E. Howard 1 gives particulars of tests carried 
out in order to ascertain the strain measurements of some steam 
boilers under hydrostatic pressures. Tests were made upon two 
horizontal tubular boilers which had been in service for a period of 
twenty-seven years. Gauge.! lengths were established on different 
l"’!* °\ lbe °° iten b y «>f holes, 10 inches apart and about 

O-O,. mch in diameter, reamed to a conical shape. The deformations 
of the boilers at different pressures wore determined by a 10-inch 
micrometer strain gauge, with conical points to fit the hole* laid out 
on the boiler-. The author show* by means of diagrams the strain- 
occurring at the region where measurements were taken • and for 
the sake of comparison, stresses were computed using a modulus of 
elasticity of 30,000,000 lbs. ’ b mo(,ulus °‘ 


Tests Of Mild Steels.— C. E Stromever 3 gives a detailed account 
of experiment- on the strength of mild steels that were undertaken 
with a view to discovering some simple tests which co.dd he depended 
upon for discriminating between good and inferior steels it being a 
common experience that, when a plate has failed through fracture, 
the usual mechanical testa to which it is then subjected hardly ever 
give any indication that the material was tod. J ' 

» Journal tf tkr Amfriran Sa itty Uofhmjtitat F.ai. i 

* Annual Memorandum to tbe NUncheyter ^ PP- 

Enftmrtr. voL mm. pp. fifiniw. Uier> Atsodoion; Xtukanual 

* •• Vulcan," Uttkaaual Emgimer, rot axviii p. 63 «. 
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engine. An examination of the shaft after the fracture showed the 
absence of a well-rounded fillet at the corner where the projecting 
end, which was broken oil, butted against the collar behind the crank, 
and it u passible that the stress set up at this {.art by the abrupt 
change of section was further intensified by an unusually tight" uip of 
the crank web when it was shrunk on, but it is impossible to sav to 
wnut extont these two causes separately contributed to the rupture. 


Tests on Reinforced Concrete.— W. C. Popplewell • deals with 
the determination of the stresses in the steel and in the concrete of 
reinforced concrete columns. In carrying out experiments the author 
sought for a satisfactory method of measuring the shortening of the 
steel bare and the simultaneous shortening of the adjacent concrete 
under the loads applied to reinforced columns. From these mwtsure- 
meuts. if they were reliable, he thought it would be possible to calcu¬ 
late the stresses in the steel and concrete, when the elastic moduli for 
the two materials were known. It was also thought that measure¬ 
ments made in this way would be the means of revealing anv move¬ 
ment of the steel relatively to the concrete. The main experiment# 
were carried out on five columns, 6 inches square, each reinforced by 
four round steel bars J inch in diameter. Loads were applied in a 
testing machine, and corresponding shortenings of t he steel and concrete 
were measured by means of Martens' extensometers. For the steel 
these wi re applied to the ends of pairs of pins projecting from the re¬ 
inforcing bars through holes in the concrete, and for the concrete they 
were applied to the surface as near as possible to the steel. 

Besides the main experiments, others were carried out to compare 
the effect of loading when the load was uniformly distributed over 
the end of the column and when it was applied in*the centre This 
enabled a comparison to be made between the effect of having the 
lood transmitted directly to the ends of the bars, and having it com¬ 
municated to the bare through the holding grip of the concrete. The 
result showed practically no difference. The experiments to find 
out the value of the modulus of the steel and the concrete yielded 
value* respectively of 30,200,000 lbs. and 1,535,000 lbs. per'square 

A further set of experiments carried out to determine the intensity 
of the frictional grip of the concrete on the steel resulted in values 
Ringing from 300 to 600 lbs. per square inch of bar surface, to cause 
slipping. The stresses in the steel and concrete, calculated for a 
working load of 13J tons which the columns were designed to carry 
were found to be, respectively, 437 lbs. and 8650 lbs. per square inch! 

I his gives a load on each bar of 1-7 tons, and comparing this with the 
loud required to push one of the bars through the concrete, as found 
from the experiments on frictional grip, it is evident that from this 
point of view there could not have been any slipping of the steel in 
the concrete. 

1 Pi P* r read Wore ihe Inaimticn of Civil Engineers. January 9 , i»l£ 
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Tests on Steel Columns with Concrete Filling. —W. H. Burr 1 

investigates the effect of n concrete filling on increasing the currying 
capacity of a steel column. The columns tested consisted first of two 
types of built-up columns of plain steel, and secondly of exnctly 
s i m i l a r steel members filled with concrete. The reinforced concrete 
columns were filled with 1:2:4 concrete, and were tested at three 
months. The steelwork consisted in one case of four vertical steel 
angle-bars arranged as the four corners of a square and braced 
together with lattice bars to form a square column 6§ inches in exterior 
dimensions, and in the second case of four vertical channels arranged 
with their fiats forming four opposite sides of an octagon, and wrapped 
at intervals with batten plates bent round in the form of an octagon 
7J inches across tho flats. Only the concrete lying within the t-x- 
teriur dimensions of the steelwork was included in the calculations. 
All the columns were 7 feet long. Four of each type were tested, 
two filled with concrete and two without concrete. The plain steel 
columns withstood an average total load of 67 tons on an area of 
4 square inches in the case of the angle construction before failure, 
and of 68 tons on an area of 4 76 square inches in the channel con- 
strnotion, which was not so securely braced. The addition of con 
crete increased the maximum lauds before failure to an average of 98 
tons on a total combined area of 42*21) square inches in the angle 
reinforcement, and to 90 tons and 112 tons respectively on an area of 
49 - 75 square inches for the two channel-bar columns. 


Reinforcements of Concrete with Cast Iron —E, von Emperger * 

suggests that cast iron may be used like steel for strengthening con¬ 
crete, for tho concrete greatly enhances the strength of the metal. The 
results rttcorded in the table show the effect of surrounding three 
cast-iron pipes with cement of different kinds, all four pipes being 
originally equal in strength. 


Pipe 

No. 

Treatment. 

Breaking Strength, 

Tunis 

1 

. 

137 

3 

^Surrounded bjr ocmctu 29 centi- J 

315 


| metres in thickness 

307 


• \ 

3*2 


Other experiments confirm tho above, and it is evident that a wide 
field for research is hereby opened up for structural engineers. 


Definition of “ Elastic Limit - and “ Yield Point.”-In a report 
issued by the Engineering Standard* Committee* the following defini- 


; a SKt&SE Enrn “"- ^ •• iyu - 

* Report No. 66. London. 1911. 
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tions of the terms “ elastic limit ” and “ yield point" are given. The 
elastic limit is the point at which the extensions cease to be propor- 
tional to the loads. In a stress-strain diagram plotted to a large 
scale it is the point whero the dingi uni ceases to be a straight line 
and becomes curved. It can only be determined by the use of very 
delicate instruments, and by the measurements of the extensions for 
small successive increments of load. It is impossible to determine it 
in ordinary commercial testing. The yield point is the point where 
the extension of the bar increases without increase of load. A prac¬ 
tical definition would be that it is the load per square inch at which 
a distinctly visible increase occurs in the distance between gauge 
points on the test-piece, observed by using dividers; or at which, 
when the load is increased at a moderately fast rate, there is u distinct 
drop of the testing-machine lever, or, in hydraulic machines, of the 
gauge finger. A steel test-piece at the yield point takes rapidly a 
large increase of extension, amounting to more than ? J^th of the gauge 
length. The point is strongly marked in a stress-strain diagram. 

Determination of Stresses in Materials -In a lecture before 
the Sheffield Society of Engineers and Metallurgists, E. (5. Coker 1 
discussed the use of polarised light as an aid to determining stresses 
in engineering materials. He pointed out that many of the problems 
with which engineers wore called upon to deal related to stresses 
which varied enormously over a comparatively small distance, aud it 
was therefore necessary to have a method of dealing with stresses at 
a point. This was done by the optical method of determination. By 
certain principles which hud long been known, the stresses in a trans¬ 
parent materia] could be ascertained, and if it could be shown that 
the stress distribution in a transparent laxly for some case, or a 
certain number of cases, was precisely the same — or very nearly the 
same—as in metals—then the use of the optical method for determin¬ 
ing stresses in bodies of any given form was quite justified. 

Modulus of Elasticity aud Thermal Expansion of Metals. — 

H. Sieglerschmidt * shows that the relationship between the elastic 
and thermal properties of a large number of metals can Ik* expressed 
by means of the equation E/* = C(1/Ay8)", in which E is the elastic 
modulus, x the density, A the atomic weight, fi the coefficient of 
thermal expansion, and (J and n are constants. 

Changes in Dimensions of Steel Wire when Twisted. — J. H. 

Poynting 3 describes experiments on the changes in dimensions of a 
steel wire when twisted, and ou the pressure of distortional waves in 
steels. The author has previously shown * that, when a loaded wire is 
twisted it lengthens by an amount proportional to the square of the 

I Mechanical Engineer, vol. xvviii. p. 741. 

* Anna lee « tier Phytik , vol. xxxv. pp, 775-782. 

1 P/weeding} of tit Key a! Satiety, Serin A., vol- lxxxvi. pp. 534-561. 

4 /kid , vol. Irani, pp. 546-550. 
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angle of twist. He now shows that if the wire is previously straight¬ 
ened bv heating it tinder tension, the lengthening is, within errors of 
measurement, the same for all loads which could be applied, so that, 
as was supposed, the only function of the load in the earlier experi¬ 
ments is to straighten the wire. A theory of the changes in dimen¬ 
sions is given, which appears to account for the experimental results 
when a single wire is dealt with. 

Calibration of Testing Machines- —A. Martens’ states that for 
the calibration of testing machines a set of high-grade cylindrical steel 
specimens have been prepared at the Royal Testing Institute, Gross- 
Lichterfelde, calibrated for loads up to 500 tons. Further, the author 
has devised a machine capable of measuring forces up to 3000 tons 
per square inch, which depends for its action on the hydraulic prin¬ 
ciple, thus obviating the difficulty encountered in the damaging of the 
beams of testing machines by the heavy stresses at fracture of test- 
pieces under great loads. 

Electric Testing Machine- —K. Perlewitz * describes an electric 
machine designed by G. Kapp for testing the capacity of steel and 
other structural material to withstand frequent stress repetitions. 
One end of the test-bar is attached to a rigid block and the other 
to an armature, placed immediately over the poles of two electro¬ 
magnets, excited by the same alternating current. The test-piece 
can be subjected to about fifty pulls per second, and the stress can bo 
varied by varying the amount of current It can also be made alter¬ 
nating by duplicating the magnets and using two-phase current. With 
a current of 110 volts, a pull of about 4 cwts. can he obtained, 
and it is possible to make ten million applications of the test-stress 
within thirty hours. 


Influence of Rate Of Shock. —J. Resal 1 discusses the theoretical 
considerations involved in shock tort.-, with special reference to the 
influence of the speed at which the shock is delivered and transmitted 
throughout the bar. lie gives mathematical formula-, showing that 
there i« a critical rate of propagation which leads to fracture and will 
consequently entail dangerous conditions. Reference is made to the 
investigations of Henry on the same subject. 


nie Aphegrapb -K. Gutllery« describes the application of the 
apbegmph to shock-testing machines. It is a simple device consisting 
of acrankand shaf , which can be applied toulternating stress machines 
,n on er to reconi the speed and acceleration of the piston It is 
exceedingly simple in design, and can be employed to shorten the 

n£" ,adUk ‘ AkaJ ' mi ‘ (Bcrhn). Report No. 53. mi. pp. 1132- 
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labour of calculation in shock testa with a falling weight, anil for 
mnny other purposes. The appliance ia the invention of Ch&rpentier, 
who described it in May 1911 before the French Academy of Sciences. 

Testing Machines. —C. A. M. Smith* describes the arrangement 
of various types of tenting machines, including the Wicksteed, 
Kennedy, Amsler, and Riehle types. 

A. Seydel * describes a testing machine for testing up to 3000 tons. 

Brinell Hardness Numbers. — A table of Briuell hardness 
numerals is given.® 

Strength Of Materials —E. Leber 4 discusses the advances made 
during the last ten years in our knowledge concerning iron, particu¬ 
larly as regards the influeuee of alloying elements, upon its chemical 
and mechanical properties and the methods of testing the last named. 

It. T. Stewart ® investigates the strength of steel tubes, pipes, and 
cylinders under internal-fluid pressure. 

Expansion of Nickel Steel —0. E. Guillaume* deals with the 
changes in volume which nickel steels undergo in the course of 
time and when heated. Steels with from 28 to 42 per cent, of 
nickel expand slowly, while steels containing from 42 to 70 per 
cent, of nickel contract. Nickel steels of still higher grades remain 
unchanged. A steel containing 36 per cent, of nickel expanded in 
4500 days by 38 p, bnt the extension of a hardened nickel steel of the 
same composition was only lap. In forged invar bars of 36 per cent, 
nickel slow-beating up to 160° 0., followed by slow-cooling to 40° C., 
accelerates the transformation, and the bars are subsequently much 
more constant na to length than similar bars kept at ordinary tem¬ 
perature. In general, nickel steels should be heated up to 100° C. for 
many hours to hasten the ageing; this applies also to the drawn and 
quenched alloy. Two causes appear to be at work, the one favouring 
alow expansion, the other slow contraction. In the 42 per cent, alloy 
the two effects balance one another, and these alloys arc also less 
subject to oxidation than other steels. The correct length of nickel- 
steel bars which have undergone various thermal and mechanical 
treatments can l>e calculated by* means of tables which are given. 

Use of Nickel-Steel Rails —Some experiments on the wear of 
mils of different compositions have been conducted : by the New York 
State Railways at Rochester, N.J. In the spring of 1909 a section of 

1 Casrirrs ifagatine, vol. ill. pp, 167-163. 

* Stahl sued £utn . voL xxxii. pp. 399-402. 

* A annum Machinist, voL xxxv. p. 9NJ. 

* Stahl unit Slum, vol xxxii. pp. 129-1:15, 350-366. 526-533. 695^700 ft stf. 

* Journal a/the Amt man Satiety of Mechanical Engineers, vol. xxxiv. pp. 495-610. 

* Comfit: Kendo:, vol. diii. p. 156. 

* Electric Kailway /anneal, vol. xxxviii. p. 801. 
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<loitbl« track about 800 feet long was laid with 7-inch 100-Ib. mils 
containing 3 per cent, of nickel. The rail* maintained so good it 
surface that in the summer of 1911, 150 tons more of the same rail 
were used, the new section being jointed with nickel-steel fishplates, 
bolts, and nuts. Another section of track has been laid with high- 
carbon 7-inch rails with carbon ranging from 0 - 75 to 0'875 per cent. 
It is thought that such rails will be strong enough structurally to 
sustain the heaviest service conditions which cun he imposed upon 
them by electric-railway service, and that they can bo handled and 
laid without risk of breakage if proper care is taken. For the 
remainder of the new track titanium rails are being used, which Uuvo 
been the company’s standard for some time ; a 5-iuch titanium rail is 
employed, and 1500 tons of these hnve been laid in 1911. 

Wear of High-silicon Tramway Rails. R. B. Holt* considers 
that much irregular wear of rails and tires would be prevented if the 
rail surface wero made convex to begin with. The wear of modern 
high cnrbon tram mils manufactured to standard specification is very 
irregular, much more so than the wear of the earlier low-carbon rails 
wrongly described as soft, hut actually attaining a considerable per¬ 
centage of manganese which gives excellent wearing results. In Leeds 
remarkable result* hnve been obtained from using Sandberg silicon steel 
rails, over 6000 tons ltaving been used during the p&st four years. 
Those 6teel mils, ns compared with ordinnry basic Bessemer rails, 
show a reduction of wear of 33 to 40 per cent. Sandberg’s steel rails 
are uot free from the corrugation effects, but such markings do not 
develop ns rapidly as in ordinary steel, and after four years’ service 
it bus not yet been necessary to grind the corrugations from the 
Sandberg steel mils in Leeds. The thermit-welded joint has given 
satisfactory results on the Leeds tramway tracks. 11,000 joints 
having been welded during the past eight years, and the total 
breakages not exceeding 3 per cent. 


Wear of Tails, and Rail Failures. —Investigations have been 
curried out by the Railway Committee of the American Railway 
Engineering Association upon the cnuses of rail failures, and records 
of such failures have been compiled, the results Wing presented in a 
recent report. 9 The report contains a number of statistical diagrams, 
together with information as to results with rails of different steels, 
sections, and weights. The relation of phosphorus to carbon prescribed 
for the rails under investigation was as follows: - 


Phosphorus 
per Cent. 
010 
0086 
0 06 
0-»M 
008 


Carbon 
F*r Cent. 

0 43 to 0-58 
0 66 to o r* 

0 66 to 0 68 
0-63 to 076 
070 to 0-85 


gmfiitttnng Ainu, rot Uvl pp. 6:18-538. S 5 octsnoo. t-Mcago, 
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A comparison of rails of Bessemer and open-hearth steel indicates 
very emphatically the superiority of the latter kiud of steel. 

With regard to the proportion of discard of the ingot, the 
Committee remarks that the marking of the rails to distinguish the 
original position of the material in the ingot has become very general 
The failures of mils from near the head of the ingot are the most 
numerous, but there sire also very many failures in the next following 
two-fifths of the height of the ingot. Unless there is an improvement 
in the making of the ingots, it will require the entire elimination of 
tho upper two-fifths to be sure of obtaining only sound rails. Several 
companies nre making trials of experimental lots of special Bessemer 
and open-hearth steel alloyed with different metals, such as titanium, 
nickel, chromium-nickel, die., hut the results have not always been 
satisfactory. The average number of failures per 10,000 tons of the 
different kinds of rail tested are: Open-hearth steel with titanium, 
12; Bessemer steel with titanium. 13$; Bessemer steel with nickel, 
9tl; open hearth steel with diromium-nickel, (140. On the Central 
Railway of New Jersey the record for 90-lb. open-hearth chro¬ 
mium-nickel rails was very l»d, there having been 1129 failures 
per 10,000 tons of rail laid. On the Baltimore and Ohio Railway 
with the same class of rail there were 595 failures per 10,000 tons. 
The amount of nickel is 2 to 24 per cent, and the chromium 0‘5 to 0-9 
per cent. On another railway 85-lb. manganese-steel rails were com¬ 
pared with ordinary, Bessemer, and in nineteen months the percentage 
of area of head abraded was slightly over three times as much for the 
Bessemer as for the manganese. The manganese rail contained 9’93 
per cent, of manganase. Iu another case, 85-lb. manganese tails 
were compared with ferro-titunium steel, anti in eight months the 
ferro-titanium rail showed over twice as much wear as the manganese. 

The report by J. E. Howard, who was appointed by the Interstate 
Commerce Commission and the Bureau of {Standards of the United 
States to inquire into the cause of the Lehigh Valley railroad 
accident, which occurred on August 25, 1911, is published. 1 He ha* 
made an exhaustive examination of tho fractured steel rail which 
was the apparent cause of the disaster, and points out that current 
railroad practice in the use of hard-steel rails and high-wheel pressures 
has almost reached the limit of endurance of the metal, 

J. Grierson 5 suggests that experiments might with advantage be 
made in the use of alloy steels for tramway rails, with a view to 
establishing a standard composition capable of resisting the heavy 
wear due to the conditions of electric traction. Manganese steel is 
chiefly used for points and crossings, but there are a few tramway 
systems where cast steel is used iu conjunction with iron bonnd cross¬ 
ings in preference to mnnganese steel. The author favours the latter 
material, owing to the fact that the majority using manganese steel 
admit its liability to honeycomb. Thermit welding is used on eighteen 

1 hvm Tnde Emm. sol I. pp. 353-3fiP. 

» Report tp tbe Municipal Tramways Association ; EJertrifiam, vol. Ixvffl. pp. 6-8. 
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systems, but experience shows that Hooner or later all thermit-welded 
joints become dished. In Glasgow, in the centre of the city, where 
traffic is heaviest, the number of broken joints bas been enormous, 
the life of a joint averaging about three years, at which rate all 
welded joints will have been cut out long before the rails become 
worn out. 

H. Muttinson 1 considers that the composition of the steel for tram¬ 
way rails, as prescribed by the British Standard Specification, is such 
that it cannot be classed as high-quality steel, and is not of a grade 
suitable for electric traction. In his experience the thermit-welded 
joint has proved more successful than other types, since during a 
period of five years less than 3 per cent, of breakages occurred with 
(000 joints. The dishing of the rail at the joint is a serious defect, 
and a method is now coming into use of welding into the dished rail 
hard steel by means of the oxy-acetylene blowpipe. 

Wear of Tires.— In order to reduce the wear of the tread and 
flange of tires a system of lubrication of the side of the bead of the 
rail has been tried on some railways in America.* It is stated that 
water sprayed on to driving-wheels of |utssenger engines has increased 
the period between the re turning by three or four times. If solid 
lubricant* or oil are used there need be no risk of application of the 
lubricant to the tread. Several hundreds of engine in the United 
States have been equipped with lubricating appliances, among which 
the most efficient is said to be the Elliot flange lubricator. The time 
between re-turning has increased in some instances from three to 
twenty mouths, and in other instances, measured in mileage, the 
improvement is from 25,000 to 75,000 miles. 

8chwar*e * discusses the manner in which metal tires of loco¬ 
motive and carriage wheels wear away during Bcrvice, and the best 
means of testing the tires before use. 

An adverse criticism is given ‘ of B. Schwarze’s researches on the 
hard nee* of steel tires. 


Tests of Rails— C. Fremont* describes his method of testing 
rails. His impact test is performed on specimens measuring 10 x 8 * 
30 millimetres, supported on knife edge, 21 millimetres apart, and 
they receive the impact of a weight, of 10 kilogrammes falling from a 
height of 4 metres. The material is considered dangerously brittle 
if the energy required to produce fracture is less than 20 kilogramme- 
rnetres. Test, made on a whole-rail section cut up into forty-one 
pieces show that the material from the web and centre of the'head 
b brittle, while the remainder may he quite satisfactory. Fremont’s 
new test consists in removing the material from the head of the rail 

I Report to the Municipal Tramways Association ■ „ „ 

« f.mftmrrrjmf, ml. xaupp, WK-WT. * ****"«*". ToL l*vb>- PP- 8-!>. 

* Stahl and Exum, rot. uni. pp. 3 >>i 6 - 3 iU 7 
4 />iV.. *oI. xxxii. pp. H7S 477. 

» C/mu Civil, vol. lit pp. 7-11, IS 30,1A-61 72 - 76 . 
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to a depth of 20 millimetres. This expose* the brittle material, nnd 
an lS-inch length of rail is then tested in a machine of the flywheel 
type in such a manner that the brittle material is under tension 
when it receives the impact. 

Hardness Tests Of Sails. — Some experiments have been carried 
out. in the laboratory of the Italian State Railways on annealed rails, 
which displayed when in use great variations in hardness. Tho 
experiments have shown that there is a relation between the hard¬ 
ness as determined by static methods and the coefficient of resistance 
to tensile stress. A method of applying the hardness test so os to 
bring out this relation, and incidentally to ascertain the tensile 
strength of the material, is described * and illustrated. 

Corrugation of Rails. — G. E. Pellissier* suggests a new theory 
of the cause of rail corrugation. He considers that corrugations are 
directly due to non-uniformity of pressure Ixjtween the tr ead of the 
car wheel and the surface of the rail, and between the flange of the 
wheel and side of the rail head ; that any set of conditions which pro¬ 
duces this non-uniformity of pressure will cause corrugations if the 
maximum intensity of pressure exceeds the elastic limit of the rail 
material, but comparatively few combinations of circumstances pro¬ 
duce this condition. Any conditions which displace the position of a 
point of maximum intensity of pressure from the approximate centre 
of the rail head to the edge where particles are free to move in one or 
more directions reduce the elastic limit to its linear value, which is 
not more than one-third of its cubical value. The relative position 
and shape of tho rail-head, wheel-tread, and wheel-flange have great 
influence on the position of the point of maximum pressure, and thus 
are mainly responsible for the corrugations ; if the rail and wheel are 
so designed, and the rails so laid that the maximum intensitv of pressure 
occurs near the centre of the tread surface of the rail, most of the 
corrugations can be eliminated. Corrugations produced by pressures 
exceeding the cubical elastic limit of the steel can be eliminated only 
by raising the elastic limit, increasing the urea of contact, or by 
making the acceleration so uniform that a uniform cold-flowing of the 
metal will follow. In support of this theory a few facts regarding the 
intensity of pressure nnd its point of application are given. 

R. Sieber 1 discusses the various canses and occurrences of corruga¬ 
tions which frequently occur on well-used railway lines. 11 is observed 
that they do not appear on sharp curves, and only occur in other cases 
when the speed of the traffic exceeds a certain limit 

Specifications for Iron and Steel —H. B. Strango'* deals with 
specifications for steel under the following heads: (1) Unwritten 

I IftnUrio Ferrvtia, vol. vii. No. 12; Revue dt UttaiUrgie, Extraits, voL via. pp. 
71H-720. 

» Electru Railway Journal, September 30, 1911; Eltttrieian, vol- liriii. p. 221. 

II Stakl unJ Eiien, vol. xxxi. pp. 1474-H7S- 

* Lecture delivered brfoxr the Junior Institution of Engineers; .t (rekanital Engineer, 
vol. xxviii. pp. 774-778. 
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specifications, that is, those which are the result of long commercial 
intercourse between manufacturer and user, which may be taken to 
include crucible steel; (2) specifications prepared bv the Admiralty 
and War Office governing the manufacture of forging and castings 
for guns; (3) specifications prepared by the Admiralty, Lloyd’s 
Register, Bureau \ eritus, «tc., for shipbuilding; (4) specifications 
prepared by railway companies; (5) specifications issued by largo 
engineering firms; and (0) miscellaneous specifications for steel for 
special purposes prepared by private individuals. 

New standard specifications for engine bolt iron, locomotive-boiler 
rivet steel, open-hearth steel girders and high tee rails, wrought-iron 
bars, and rolled-steel axles, and the revised standard specifications for 
steel castings issued hy the American Society for Testing Materials, 
have been published. 1 


Specifications for Steel Axles and Shafts —The American 
Society for Testing Materials has issued 3 specifications relating to 
steel axteB and shafts. The chemical composition specified is as 
follows:— 

Carbon .... Not over OGn per cent 
Manganese, . . . U-pltoODO , 

Phosphorus. . . . Not over 0-06 

Sulphur .... Not over 0-06 „ 


The physical tests to w hich the material is required to conform at e as 
follows : — 


Ultimate strength. Ibs. per square inch . 
Elastic limit, ibs, per square inch . 
Elongation in 3 inches per cent . I 
Redaction of area, per cent . 


85.100 

50,000 

33 

46 


The following regulations os to heat treatment have been laid 
down:— 

Each axle, shaft or similar part shall be allowed to cool after 
forging, shall then he re-heated to the proper temperature, quenched 
m some medium, allowed to cool, and then re-heated to the proper 
temperature for annealing, r 

Warped axles or shafts or similar parts must be straightened hot 
at a temperature above 900 F. 

All axles, shafts, and similar parts shall be free from cracks, flaws, 
seams, or other injurious imperfections when finished. 

All axles shafts and similar parts must be rough-turned, with an 

Sr.". ,or ““»• <* »"»■ -I-* “ 

The heat number shall be stamped on the rough-forged collar. 


Specifications for Stee 

specifications drawn up by 


ateel Reinforcement Bars —The proposed 

. R. Webster for submission to the 


' 'r™ T ' adt vol. L pp. 76S-7G3. 
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American Society for Testing Materials have appeared. 1 The 
chemical and physical properties an* as follows:— 


Properties Considered. 

Structural Steel Grade. 

Hard Grade. 1 

Cold- 

Plain 

j Deformed 

Plain 

Deformed 


Bars. 


Bara. 

Bara. 

Bara. 

Bars. 

Phosphorus, mot— 






Bessemer . 
Open-hearth 

010 

Oitt 

010 

006 

0 10 
006 

0-10 

0115 

0-10 

o-06 

Ult. tensile strength, j 
tbs. per sq. in. | 

66.000 

to 

70.000 

66,0O0 ) 

70,000 | 

fin.000 min. 

HO.OOO rain. 

1 Recorded 

1 only 

Yield [sunt, min., lbs. 1 

33.000 



per sq. In. . . } 

33,000 

50,000 

50,000 

65,Oral 

Elongation, min. per 1 
rent, in 8 ins. . f 

Cold bend without frac- 

1.400,000 

1.260,000 

1.900.000 

i.oooono 

5 per cent, j 

tens. sir. 

tens. Mr. 

tens. sir. 

tens »tr. 

ture— 






Bars under $ in. in dia- 1 

18u"d.=lt. 

l»fd.=lt. 

180“d. — 3t. 



meter, or thickness f 
Bars f in. in diameter 1 
or thickness and over I 

180’d.—4t. 

IR0“d. = 2L 

lS0*d.=1t. 

1 

Q. 

11 

M 

r 


90* d. =3t. 

90’d.=4t. 

I80”d.=3t. 


1 The hart! grade will be used only when sped bed. 


Specifications for Motor car Steels. — At a meeting of the 
American Association for Testing Materials n proposed standard 
specification was submitted covering motor-car carbon and alloy steels. 
It comprises eight classes, according to chemical composition, details 
of which are given. 3 


Magnetic Properties of Special Steels — 0. Boudouanl* has 
e ermined1 the resistance of nickel, manganese, chromium, and tung¬ 
sten steels bv means of the Kelvin method. Two series of alloys with 
each metal were prepared, in one of which tho percentage of 'carbon 
was from 0-1 to 0'2 per cent, and in the «the“from 0** to 0 8 per 
cent. Tlie author found that m carbon steels the electrical resistance 

h t,e W ‘ ,h Dickvl COIl!,Unt the resistance is 

considerably mcrea*ed hy the carbon, bnt carbon appears to have very 
httJo effect on manpinese steels. In the chromium series inegu- 
laiines weie observed which appears I to have no relation to the 
»r K.n percentage. In the case of tungsten steels the state of the 
metal, whether hard, annealed, or normal, appeared to have no influ¬ 
ence on the resistance. 

O. Boudouanl* has continued his investigation* of the electrical 
resistance of steels, which, in the first instance, were confined to 

' {"• dl». rol. Ixxrviii. p. 379. 

•*** an ^ TrvJtj ftevirw, vol, Univ o. 000 
« vj. cMi. pp. u:r> M7R * P ‘ 

fitvut Jt Mitallurgit , Alimcim. *oL ix. pp. 294-303. 
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carbon steels, and a few chromium, tungsten, manganese, and nickel 
steel.- containing small percentages of the alloy metal, 1 and to a series 
of special steels in which the percentage of the alloy metal rises as high 
as 30 per cent. Tables are given showing the results of the experi¬ 
ments. Benedicks’ formula enables the specific influence of each 
metal on the electrical resistance of special steels to be ascertained. 
Generally speaking, the increase in the resistance per unit of the 
ndded metal gradually decreases. 

C. F. Burgess 8 and J. Aston have determined the electrical resist¬ 
ance of electrolytic iron and its alloys, the mechanical and magnetic 
properties of which have been previously studied. Alloys with high 
values for physical hardness and magnetic coercive force show also 
high electrical resistance. The most resistant alloys are those con¬ 
taining nickel and chromium, with or without silicon, carbon, or vana¬ 
dium. A table is given showing the composition and electrical 
resistance of those alloys having a resistance more than seven times 
greater than that of standard electrolytic iron. 

J. G. Gray* and A. D. Ross describe their experiments on the 
magnetic properties of a variety of special steels at low temperatures. 
The experiments were carried out on specimens of steels prepared by 
Sir W. G. Armstrong, Whitworth A- Co., from the same variety of 
soft iron, in the form of cylindrical rods. The -pecimens, which 
included iron, carbon steels, chrome steels, silicon steels, phosphorus 
and tungsten steels, were tested at room temperature and’nt —190° C. 
(when immersed in liquid air) in the conditions brought out bv (1) 
normalising, (2) annealing at 900° C., (3) quenching at 450° C.,' and 
(4) quenching at 900° C. It wo., found that the effect of cooling to 
the temperature of liquid air is in general to diminish the perme¬ 
ability for low values of the magnetising force, and to increase it for 
high values. A magnetisation curve corresponding to - 190° C. lies 
initially below and finally above that corresponding to room tempera¬ 
ture. In the carbon steels the value of the field strength for which 
the curves cross increases with the carbon content. In these steels 
the coercive force is greater at - 190° C. than at 15° 0. Tn high 
carbon steel in the quenched condition the coercive force is 32 at 
room temperature; at -190= C. it is 50. In the case .>f chrome 
steels the crossing points of the curves are very low. In annealed 
steel of this variety containing 10 per cent, of chromium the crossing 
point is at H=8, and is only slightly higher in the condition brought 
about by quenching at 450° C. In this steel cooling to -190° C. 
brings about an increase in coercive force. In annealed steel contain¬ 
ing 4 per cent of chromium crossing of the curves takes place for 
H- 150. In the condition brought about bv quenching at 450° C. 
crossing takes place at H- 16. Quenching a't 900° C. results in the 
magnetising force necessary to bring about crossing becoming very 
great. In annealed silicon steels containing 3 5 per cent, of silicon, 

l /enrnal vf Ike Inn and SletJ /nit,lute. 1»Q, No I o 299 
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crossing of ^tho carves occurs for H = 150 c.g.s. units. After quench¬ 
ing at 900° C. the magnetisation curve corresponding to — 900° ,C. 
lies everywhere above that corresponding to room temperature. An 
annealed-steel specimen containing 6 per cent, of silicon behaved in 
a somewhat similar manner. In the annealed condition crossing of 
the curves took place for H -180 c.g.s. units. After quenching at 
900° C. crossing took place for H = 15 c.g.s. units. In the silicon 
steels the effect of the liquid-air temperature is to increase the 
coercive fore?. Specimens of tungsten and phosphoric steels behaved 
quite normally. Tungsten steel is magnetically much harder at 
- 190° C. than at ordinary room temperature. In all cases where a 
series of special steels has been examined the general rule is found to 
hold that the crossing point of the 1-H curves, corresponding to 
15° C. and - 190° C. respectively, is higher the greater the amount 
of the added element—carbon, silicon, chromium, and others. This 
rule holds for the steels in either normalised, annealed, or quenched 
conditions. 


Permeability of Iron. —E. F. W. Alexanderson 1 shows by means 
of tests carried out on n high-frequency machine that iron is* able to 
follow us high a frequency as 200,000 cycles per second, and that its 
magnetic permeability under high frequency is probably the same as 
with low frequency. lie concludes from the experiments that the 
amount of iron used in the construction of high-frequency motors 
might be reduced with advantage. 

Magnetic Properties of Nickel and Iron. —In order to Ascer¬ 
tain the influence of the magnetic field on passive nickel and iron, 
II. (»..Byers* and A. F. Morgan placed an anode of nickel or iron and 
a platinum cathode in a test-tube containing an electrolyte (sulphuric 
or nitric acid, sodium nitrate, or potassium sulphate), and measured 
the current density required to render the anode passive, both under 
ordinary conditions and when the test-tube was placed between the 
pol. s of an olectro magnet. The current density required to render 
nickel passive was found to increase materially when the metal was 
in the magnetic field, and the same result holds good for iron. Steel 
is more difficult to render passive when magnetised, and soft .steel is 
affected to a greater extent than hard steel. The positive pole of the 
magnetised piece of metal is more easily rendered passive than the 
negative pole. 


Magnetic Properties of Metal Compounds— E. Wedekind* 

statos that the magnetisability of simple chemical compounds, which 
are derived from a ferro-magnetic or a latent-magnetic metal, is 
a well -defined molecular property, which is associated with the 
stoichiometric composition or constitution of the compound. Simple 

« EUttrvUckHitOt Zntukrift, voL nodi. pp . 1078-108L 
I .'fw riiiM IkemujJ Society, rol. xxxiii. pp 1757-1761 

» Paper read t*fore the Faraday Society. April 23. 1012. 
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compounds of ferro-magnetic met*In ore throughout essentially more 
feebly magnetic than are the metals themselves, so far os it con¬ 
cerns independent representation of the degree of valency. Simple 
compounds of the latent-magnetic metals—manganese, chromium, 
vanadium, and probably also titanium—are generally more strongly 
magnetic than the metals ; the maximum rnagnetiaabilitv is neverthe¬ 
less determined by the stoichiometric composition, especially where 
several compounds of the same components exist. Manganese has a 
maximum in the trivaleut condition when combined with such 
elements as can themselves be trivulent, that is, when the atomic 
ratio is 1:1. Some of these compounds act as permanent magnets. 
With the independent oxides of manganese, chromium, and vana¬ 
dium, the susceptibility appears os a function of the metal content, 
with the sulphides of vanadium as a linear function of the sulphur 
content; it is thus dependent on the valency of the metal in the 
respective compound. So-called mixed oxides or sulphides, which 
represent no single degree of valency, are for the total metals more 
strongly magnetic than the independent forms of compound ; this 
is connected with the acid nature of one of the components which 
always exhibits the higher degree of valency. Such a compound 
always reveals itself when graphically represented by a sharp break 
in the curve. The magnetisability generally falls off with a lowering 
of the atomic weight of the principal metal; several manganese com 
pounds are ferro-magnetic. No vanadium compound is decidedly 
ferro magnetic. To the left of vanadium stands titanium and its 
compounds, the investigation of which is now in hand, and with this 
element the minimum will be reached. 

E. Wedekind 1 and 1. Veit describe the following further ferro¬ 
magnetic compounds of manganese: manganese bisulphide, manganese 
aelenide, manganese filicide, and manganese arsenide. 

Steel for Permanent Magnets —E. Kilbum Scott * discusses 
•teel for permanent magnets, and describes the experiments of 0. F. 
Burgess and J. Aston. 


Nomenclature of Microscopic Constituents.— H M Ho»o a 

deals with the need for uniformity in the nomenclature of the 
microscopic constituents of iron and steel. The convenience of 
readers requires that the meanings of words should be changed as 
little as possible unless for strong reasons, and it would therefore be 
wn* to disturb the existing nomenclature as little as possible Most 
of the present names have beer, in general use for nearly a quarter 
of a century, and to attempt to forbid their u- e would be as unwise 
&j* it would be futile. 


i 

9 
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Appliances for Metallography. —C. II. Hayward 1 describes 
several appliances for use in the metallugruphical laboratory of the 
Massachusetts Institute of Technology. One is on electric-resistance 
furnace, by which accurate control of the heat necessary for tnetnllo- 
graphic work is obtained. A grinding and polishing machine is also 
described, in which the specimen is held against a horizontal plane 
instead of against n vertical wheel, os is usual in such machines. In 
order to obtain good results in making photomicrographs the surface 
of the specimen must be perpendicular to the axis of the microscope, 
and various devices fur securing this need have been proposed from 
time to time. A new form of specimen-mounter is described, which 
gives excellent results os an accessory to a vertical microscope, as it 
can be quickly adjusted to take specimens of different sizes. 

11. Le Chatelier * and VV. Broniewski describe au automatic photo¬ 
graphic recorder, which can most advantageously be employed in 
researches on the critical points, as it gives a continuous curve in 
which aru clearly shown critical points which are too weak to be 
perceived by the interpolation of a thermocouple. A summary of 
previous experiments in the direction of automatic registration is 
given, after which a special apparatus is described anil illustrated. 
It is based on a principle proposed by Saladin, who used a prism 
inclined at an angle of 45° between two galvanometers, with the 
result that the deviation of the ray reflected on the mirror of the 
first galvanometer was transformed vertically, while the new reflection 
on the mirror of the second galvanometer was deflected horizontally. 
The appliance described eliminates several sources of error, such as 
those duo to the coutacts being maintained at a constant temperature, 
and to the fact that being outside the furnace they ore not influenced 
by the molecular transformation that may occur in the centre of 
the bars. 

A. Sauveur * describes a perfected microscope for the examination 
of metals, termed a universal metalloscu|>e. The instrument allows of 
the examination of large as well as of small specimens with equal ease 
and accuracy, while the problem of proper support for iton and steel 
specimens of all sizes and shapes has been solved by the provision of 
au electro-magnetic stage, which can be connected with any suitable 
current supplied, and by means of which large specimens may bo 
firmly held in an accurate position. 

Crystalline Structure of Metals —C. H. Desch * describes the 
various methods adopted for the purpose of isolating and studying 
metallic crystals. Only in a few cases were the individuals thus 
obtained bounded by plane faces, and the dendritic forms, or crvstal 
skeletons, usually oltserved were not readily brought into correspond- 

* BulUtin of tEt Amtriion ImtituU of Mining Enguutn. 1911. pp. 973-979. 

» Emu it M<UaJ/nrgit, Jftmira, voL tx. pp. 133-146. 

* BulUtin of tto Amtriton ImEtHit of Mining Knginnn, 1911, pp. 961-971. 

* Paper mail IWore the Koval Philosophical Society of Glasgow, November IS. HR ; 
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once with the geometrical laws of crystallography. The nearest 
analogies of these crystal skeletons were the forms assumed by ice 
and snow crystals and the inclusions found in certain blnst-furnnce 
slags, in pitch-stone, and other rocks. The study of crystal skeletons 
was complicated by growth in three dimensions, and in such cases as 
those of ordinary metals and alloys a suitable method of examination 
was by grinding parallel faces on a specimen, photographing a marked 
area, and grinding off successive thin layers: photographing the same 
areu after each operation. The crystallite, of which plane sections had 
been thus obtained, might now bo built up in plasticine, and an idea 
of its solid structure thus obtained. Crystallites must be considered 
as imperfect or undeveloped crystals, and they were, as a rule, charac¬ 
terised by the nhseuce of sharp angles on plane faces. The rounding of 
the stems and branches of crystallites, which was a particular feature in 
metals and alloys, was probably to be accounted for by surface tension 
effects, although the present ignorance of the surface tension constant 
of inetals made it impossible to give a quantitative explanation of the 
phenomena. The author draws attention to the peculiarity of the 
crystallisation of certain eutectic mixtures, the external form of which 
recalled tlrnt of a single pure substance. I n such “ colonies ” or pseudo- 
crystals the form was due to the dominant orientating force of one of 
the constituents, tho other behaving as a plastic filling material. 

N. J. Work, 1 in experimenting on tho solubility of carbides in iron, 
observed that martensite so|«irated in such a form as to point to the 
existence of large crystalline aggregates, a structure indicative of 
overheated or burnt material, and it appealed to be of interest to 
study tho conditions under which tho structure was obtained. Hnoci- 
umns containing O il to 1-672 per cent, of carbon and about O l iver 
cent, of manganese wore prepared and two series of experiments were 
oirrted out 1 he first consisted in examining microscopically sections 
which had been lifted to different degrees of high temperature for 
thirty minutes and quenched. In the serond series sections we.e 
etched at high temperatures by menus of dry hydrochloric acid g»s. 
The development of a polygonal structure depends largely upon the 
length of the heating period, ami a temperature limit rould not be 
foe. or .ts formation. The results, however, appear to show that 

T T “ Umt of * lom,) g e “«ous austenite solution. 
The tendency towards super-cooling in high-carbou steel- is much 
greater than ,n low-cnrbou steels, and it is therefore necessary to heat 
the ow-carbon steels to a higher point above the equilibrium tern 

quenching!' ° rd ° r ^ ^ pol - V * onal *"“*«• may persist after 

i SLJ “! ld ill ^t™tes some remarkable pine-tree 

shaped steel crystals, of a size up to 15 inches in length, which were 
found .u the pipe formed ,n tho riser of a large steel casting Some 
notes on the crystalline structure of steel are given. * 

' mi. pp . 731-737. 
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Metallography and Microstructure. — J. E. Stead 1 deals with 

micro-nietallography and its practical application. 

\\. Rosenhain 5 discusses the microstructure of steel, with special 
reference to the changes which occur during its hardening and temper¬ 
ing and the structural alterations which supervene on beatiug the 
mildest steel and even pure iron. With reference to the question as 
to whether overheated steel Can be restored by heat treatment, it is 
pointed out tlrnt on passing through the critical range on heating a 
fresh set of crystals is formed which are at fiist small, but rapidly 
increase in size. If a piece of overheated steel is reheated to a tem¬ 
perature just above the critical range and then rapidly cooled, a fine 
crystalline structure might be hoped for, but some connection exists 
between the number of crystals existing above and below the critical 
ranges, so that in certain cases a piece of steel reheated in this wav 
returns exactly to the condition from which it started. Simple heat 
refining may sometimos be successful, but its effects are uncertain. 
The influence of welding and welding temperatures on the structure 
are also considered, and the nature of slipbands is explained with 
diagrams, together with the effects of strain on microstructure, illus¬ 
trated by sectional photomicrographs. 

H. M. Howe 5 discusses the life-history of cells and grains in steel, 
and describes their mechanism. His conclusions are thus summed np : 
(l)The term “grain size” should be restricted to the size of the in¬ 
dividual islets of fomte or cemcntite, and the size of the cells bounded 
by walls of ferrite or cementite should be culled “ cell size." (2) Both 
grain size and cell size increase not only with the temperature reached 
when above the critical range, but with the length of exposure to that 
and neighbouring temperatures. (3) The visible cell structure, the 
coarse cleavage massing, the finer cleavage massing, and the break-up 
of the cell structure through spheroidising, coalescence, and the for¬ 
mation of irregular ferrite gmins, arc successive but overlapping 
stages in the evolution of the structure of steel. (4) The effect of 
high and long heating in coarsening the cell size represents the 
coarsening of the nustenite grains during that high heating, each 
such' grain being later represented by a single cell. (5) The effect 
of high and loug heating iu coarsening the ferrite grain, in increas¬ 
ing the area free from visible ferrite in the air-cooled steel, in 
lowering the critical range, in increasing the stability of the red¬ 
hardness of high-speed steel and the stability of the cellular- structure, 
in increasing t.be massing of ferrite and cementite into the octahedral 
cleavages of the austenite, and in retarding the coagulation of sorbite 
into pearlite, represent the greater perfection, efficiency, and stability 
of the crystalline organisation reached in the austenite stage; this 
stability giving the austenite structure great pseudomorphous re¬ 
straining power <ie facto, even after its existence i/e jure has ceased 
with the passage to below the transformation range. (6) The influence 
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of manganese in emphasising the cell structure is simply one aspect of 
its general retarding effect. 

(t. A- Roush 1 discusses nu investigation of c&rboti bv microscopic 
methods. Commercial products of carbon consist of small amorphous 
particles of carbon which differ in appearance from one another, the 
differences being clearly recognisable under the microscope, which 
enables the character and composition of various carbon products to 
be identified. The specimens for examination are prepared in the 
same way as specimens of metals and alloys. Petroleum coke appears 
as a porous mass, the micrustnictTire of which shows large pores inter¬ 
spersed through the finer structure of a cellular character. The typical 
feature of petroleum coke is the corrugated appennince of the surface. 
Artificial graphite has no particular characteristic structure, whereas 
natural graphite is of a tlakv appearance, which enables it to be dis¬ 
tinguished with certainty. 

In dealiug with the application of the microscope to the examination 
of metals, A. Campion * demonstrates by means of a large number of 
photomicTographic lantern slides tbe constitution of various metals, 
and shows the numerous structures and inclusions which give rise 
to defects in metals, dividing these into three groups: chemical, 
mechanical, and thermal. Of the first class examples were shown of 
fractures caused by the presence of sulphide of irun, sulphide of man 
ganesc, and silicate of iron ; while os examples of mechanical defects 
there were shown fractures caused by the inclusion of scale, by the 
segregation of carbide of iron, and by quenching. The effect* of 
heating and cooling on various rneUls are illustrated ond explained, 
together with diagrams of the solidification of metals 

A. Sauvour 3 deals with the calculation of the structural composition 
of stuel and its physical properties. 

°- describes some etching experiment* that wore made on 

crystals and plates of magnetite and of some other minerals of the 
spinel group A description and microphotographs are given of the 
resulting etched surfaces. 6 

Formation OfTrOOStite. —IX K. Iiulleus 3 summarise* the views 
of a number of observer* regarding the formation of troostite, and 
I aunts out that the general tendency of thought at the present time 
seems to bo towards Benedicks’ proposition of an ultra miciwopic 
pearlite, regarding troostite as an aggregate. There are still, bow- 
ever a large number of investigators who maintain that troostite is a 
solution o carbon or carh.de in allotropic iron. Experiments were 

r^idl°iL^ n ^ rh0n a,1 °> 8 ’ 1101,1 ° f "Sid and hyper- 
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The conclusion is arrived at, as the result of metallographic investiga- 
tion, that the masses generally known as troostite may he termed 
usinondite, and that ehnnge after segregation is so rapid that tho 
resolution of the segregated troostite takes place almost immediately, 
giving osmondite and cemontite. 

Structure of Micro constituents of SteeL — M. Oknof 1 has 
continued his investigations of the internal structure of the micro- 
constituents of steel. The method previously employed by him * was 
again adopted for the study of martensite and [>earlite—that is, a 
number of layers were removed by successive polishings from tho 
surface of the steel specimen under investigation. In the case of 
martensite the layers removed were 0015 millimetre thick, and in 
that of pearlite they had a thickness of O'Ol millimetre. An examina¬ 
tion of eighteen photomicrographs show- that martensite occurs in 
the form of flat lamellar crystals with a length equal to about seven 
times the width. Pearlite consists of narrow curved layers of cementite 
embedded in a ferrite mass. Some of the cementite layers intersect 
and verge into each other, but most of them remain parallel in the 
succe^ling layers. Tho lamellae of martensite and pearlite differ in 
size. 


Osmondite in Hypo-eutectic Steels.— J. Calian* has investi¬ 
gated the formation of osmondite in hypo-eutectic steels. The presence 
of osmondite in steel was proved by lieyn and Hauer by etching steel 
w it h alcohulic hydrochloric acid. The experiments were carried out on 
u steel containing 0*95 per cent, of carbon, then with a eutectic steel 
containing nothing hut. pearlite. In the experiments described, how¬ 
ever, t (tree hypo-eutectic open-hearth steels ami one h vper-eutectic steel 
were examined. Ihe first, three steels contained ferrite and pearlite, 
nnd the fourth cementite and pearlite. The etching was carried out 
for a period of time which was inversely proportional to the tem¬ 
perature of annealing. Photomicrographs of the results are given 
together with curves showing the solubility of tho various constituents. 
The experiments led to the following conclusions 

(1) In hypo-eutectic steels martensite undergoes, during its trans¬ 
formation into pearlite, the same states as in & eutectic steel, that 
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is to say, martensite, troostito, osmondite, sorbite, pearl ite. 
(2) Osmondite, which is an intermediary state, does not form at any 
particular temperature, but occurs between 300° and 500°. (3) The 

structure of osmondite hoe no connection with the amount of free 
celt Ivon or carbide, but depends on the arrangement of the molecules 
and the composition of the original material. It may bo explained by 
the fact that as the percentage of carbon diminishes that of corbide 
increases. 


A Fourth Recalescence Point.— J. O. Arnold,I in referring to 
the statement of W. Rosenbaiu 1 that although the discovery of the 
fourth recaleseenee in steel was announced last year, yet*a clear 
account of the double nature of Ar, is given by Osmond in his paper 
read in 1890,» points out that in Osmond’s actual curves will be found 
one of electrolytic iron which exhibits something like the two peaks 
of Ar.j, but since in this curve there are three extra critical points, 
obviously due to errors of observation, it is most probable that the 
second peak of Ar, is also dne to errors of the instrument. In four 
other curves of steel exhibited by Osmond in which the point Ar.. is 
separate, it is in every case figured as a single point. It is also 
pointed out that in the work of Carpenter* and Keeling curves of five 
mild steels are given, ,n all of which the point Ar,. is represented os a 
single point. 1 he author states that the fourth recalocence of steel 
tnir whatever with the Ar, point as suggested by 

W. Rosenhain » replies to J. O. Arnold's criticism of his lecture. 

Critical Points in Chromium SteeL—A. Tortevin• points out 
that investigation* made on chromium steels have shown that those 
containing about 0 1 per cent, of carbon and 7 to 22 per cent, of 

^ T? UMUC ' Wh,Ch WOUld “P'j ^at a transformation 
* ZTn ?ifc r pen ‘ ,u ? 011 coolin 8- The action of a special 
element ^c chronuun, may have a dual effect on the transformation 

T y ! p aC K. tLo ®8 nll ‘bnum temperatures, and it may 
modify the rate of equilibrium and, as a result, the hysteresis. In 

IkzE,ri F r ^ ^ zs?*sr£i 
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was spread over 75 hours. The micrortruWe of the steels and their 
behaviour under hardness tests show th,.t a * _ . 

mentof this description re^bt^L ^JT ! ** T 
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as is frequently carried out in practice confers on such steels 
the effect of quenching. It brings out the martensitic structure and 
considerably increases the hardness. 

Nature of Solid Solutions- —C. A. Edwards, 1 in continuation of 

ms previous paper, now discusses the nature of solutions in general_ 

gaseous, liquid, and solid—and points out that the phase rule in its 
present form is based on the assumption that solutions are homo¬ 
geneous, and hence cannot be used to determine the internal nature 
of a solution. 


The Artificial Crystallisation of Carbon.— 8 . M. Howell* 

criticises published accounts of the crystallisation of carbon by artificial 
means, and after referring to the experiments of Moissan, Friedel, 
Harmey, and Sir William Crookes, suggests methods for the crystallisa¬ 
tion of carbon by the decomposition of hydrocarbon liquids or of carbon 
bisulphide under pressure. The use of acetylene is also suggested. 

The Iron carbon System— A. Smits * considers that the theory 
that cementite occurs in the iron-carbon system in a metastable 
condition does not solve the problem of tho formation of cementitc at 
temperatures considerably below the eutectic temperature. By vary- 
ing the rate of cooling, graphite or cementite can be separated from 
tho liquid, from which the author assumes that both c-raentito and 
graphite are present in equilibrium. On slow cooling graphite sepa¬ 
rates out, and the liquid never becomes supersaturated as regards 
cementite. On the other hand, tho separation of graphite is pre¬ 
vented by rapid cooling, and the liquid becomes relatively super- 
satur.iU^l with ceuientito, which then separates. 

8. W. J. Smith, 4 W. White, and S. G. Barker discuss the maguetic 
transition temperature of cementite. The temperature at which 
cementite loses its ferro-magnetism is determined with sufficient 
accuracy for purposes of thermo-magnetic analysis, and examples 
aie given to show how the thermo-magnetic properties of cementite 
may be turned to account for the purpose of ascertaining whether 
that constituent is present in any iron-carbon allov. 

In a theoretical paper It. Schenck 5 discusses from the point of view 
of the phase rule and of thermodynamics numerous chemical equilibria 
involved in the manufacture of iron and steel. 


Crystallisation and Transformations in Iron containing 
over 4 per Cent, of Carbon.— N. M. von Wittorf* has ,-arried out 
an exhaustive Investigation of the thermal behaviour and micrography 
of iron-cai bon alloys, with over 4 per cent, of carbon, the main result* 

1 Journal of the Imtitnle of UetaU, vol. vL pp. 2M* 278. 
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of which ore as follows: Melts Containin': from 6-2 to 10 pel' cent, of 
carbon begin to crystallise at 2000 a -2380° 0. under separation of a 
carbide, thought to curresjHmd to FeC 2 , which is of a pnle sulphur- 
yellow colour, und gives a silvery reflection. This constituent is very 
slowly attacked by nitric acid, and if treated with very dilute copper 
sulphate solution it becomes coated with copper. The nitric acid 
attack yields a dark residue. The -amp carbide crystallises when the 
melt attains a temperature of 2600°. In cooling from 2000° to 1700°, 
the first constituent to separate out is pure ccmentite. In the tem¬ 
perature range 1650° to 1330° the melt burns, the burning being 
particularly noticeable in samples containing 7 per cent, of carbon. 
If the melt is stirred, thin tubular crystals appear on the surface, 
which, it is conjectured, may be the carbide FeC, and at a temperature 
of about 1600° these crystals take the form of long arrows with angular 
projections. Below 1 < 00° the melts always contained these arrows 
enveloped in a metallic compound rich in carbon, forming dendritic 
masses on a eutectic-like foundation. This compound is not appreci¬ 
ably etched by 4 per cunt, alcoholic picric acid solution or by dilute 
sulphuric acid if hardened at a temperature not lower than 1160’, 
but, unlike ccmentite, it is energetically attacked by 1: 4 nitric ucid. 
The quantity of this compound separating out increases fiom 0 to 
100 par cent, os the carbon concentration in the melt is increased 
from 4T to 5 per cent. In melts containing 6 or 7 per cent. of carbon 
the basic muss of metal consists of this compound and of the arrow- 
like residuum, its composition being represented bv the formula Fe 4 C. 
Below 1130° the carbide Fe.Cdecomposes into -/-solution and graphite. 
The carbides crystallising above 2000' and at 1600°-1400° decompose 
■with the separation of graphite. 


Solubility of Cementite in '/-Iron. —N. J. \v ar k ' has made 

experiments for the purjswe of determining the solubility curve of 
•y-iron for cementite. Ten samples of steel were prepared by melting 
white Swedish pig iron und horseshoe nail iron in magnesia crucibles, 
the composition of the specimens being, carbon 12 to 106 per cent, 
manganese 0 07 to O'O'J per cent., sOioon 0*03 to 0'05 per cent Thev 
were heated in a salt both and quenched in water. A microscopic 
examination of each specimen was made to ascertain the temperature 
at which cementite began to separate out, and the results, which aic 
plotted in the curve, confirm Gutowsky’s observation tliat 17 per 
cent, is the saturation point of carbon at 1130° C. 


Heat of Formation of Iron Carbide. -O. Buffs and E Gersten 

have earned out farther experiment* on the heal of formation of iron 
carbide. The method is given for the preparation of the carbide, 
which in appearance was dark grey, and consisted mainly of frag¬ 
ments of globular aggregates of needle-shaped crystals - it was very 
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brittle and could be powdered in the hand. The hardness lies between 
.1-2 and 3-3, so that it cannot itself be the cause of the hardness of 
rapidly cooled steel, which is prohably due to the solid solution of the 
carbide m y-xron : !>** = 7 396, the molecular volume being 24 34 
Tlie molecular heat of combustion determined in a (snub calorimeter 
was found to be 375-1 calories, the products of combustion being carbon 
dioxide and. ferroso-ferric oxide. The molecular heat of formation of 
feiToso- ferric oxide was found to be 265-2 calories. Pure Swedish 
iron (99-745 i«-r cent.) and iron prepared from pure ferric chloride 
wore usi-d in these experiments, allowance being mnde for the heat 
of combustion of the traces of impurities present in the Swedish iron, 
r rom tlie molecular heats of formation of ferraso-ferric oxide and of 
carbon dioxide (from graphite-= 94 8 calories), and from the molecular 
heat, of combustion of iron carbide to ferroso-ferric oxide and carbon 
dioxide, the heat of formation of iron carbide (Fe.C) is found to be 
- 15-1 calories. 


Transformation of Carbon into Graphite —W. 0. Arsem 1 gives 
the results of his investigation undertaken with a view to ascertaining 
whether a pure form of carbon can lie transformed into graphite bv 
simply heating to a high temperature, and, if not, whether it is possible 
to cause this transformation by heating the carl ion, well mixed with 
a quantity of mineral matter insufficient to form carbides, with all 
the carbon present. 


Iron. Nickel, and Copper Alloy. —A new white, non-corrosive, 
and malleable alloy of iron, nickel, and copper has been patented by 
, “• Uliuner, Pure copper and iron will alloy in all proportions and 

lorm a homogeneous mixture; but when carbon is present, as it is in 
steel or cast iron, the two metals do not alloy well, hard nodules separ¬ 
ating according to the amount of carbon. In the alloy described it 
IS stated that the tensile strength is increased if carbon is present in 
an amount not exceeding 0-2 per cent. The strength of the allov is 
high, a mixture of iron 65 per cent., nickel 25 j>er cent., copper 10 
per cent., and carbon 0 2 per cent., having the following physical 
properties ^ tensile strength, 96,100 lbs. per square inch; elastic 
limit, al,<50 l be. per square inch.; elongation in 2 inches, 42 per 
cent.; reduction in area. 537 per cent. ’ 


Alloys in Construction of Automobiles. —H. Souther* gives 
the composition and specific gi-avities of the moat useful aluminium 
alloys in automobile construction. 


Ferro magnetic Compounds of Manganese —S. Hilpert 4 and 

T. Diec km aim state that manganese forms ferro- magnetic compounds 

« Ckemu a! Engineer, n>L xiv. No. 4; Comical Afanr, rol. ct. pp. J8-*n. 60-63. 

8 AiecJkamua/ r nginttr, toL xxix. p. 411. 

! C T^ and Autam^hU Trad, Journal; Uttkauica! Bn t inur, vol. wifi. pp. lsfi 187 
‘ Benchu , vol. *li». pp. 2831-2S36. 1B ‘- 


588 


TUB IROX AXD STEEL INDUSTRIES. 


with phosphorus, arsenic, antimony, and bistnuth. On heating, the 
mugnetisability disappears within a short range of tem[ternture, re¬ 
appearing on cooling. The critical range of temperature varies with 
the compound, and rises on passing from phosphorus to bismuth. The 
phosphide was prepared by heating pure manganese prepared from the 
electrolytic amalgam with red phosphorus in a sealed tube to 600° G. 
After extracting the product with dilute hydrochloric ncid an in¬ 
soluble residue was left. This may be obtained containing 36’1 per 
cent, of phosphorus (MnP) or higher percentages up to nearly that 
corresponding to MnP,. The critical temperature (18° to 26° C.) does 
not vary with the phosphorus content, but the magneUsability is 
smaller in the specimens containing a higher percentage of phosphorus. 
The arsenide has a critical temperature of 40' to 45° C.: while the 
autimonide and bismuthide have critical temperatures of 320° to 330° C. 
and 360° to 380° C. respectively. 

Arsenides of Iron and Manganese —8. Hilpert' and T. Piwk- 
marm describe a method of producing metallic arsenides by heating 
powdei-ed metallic manganese or iron with excess of arsenic in a 
sealed Jena glass tuhe to 600° to 700° C. for about six hours. The 
arsenides so formed can be easily separated mechanically in a state of 
purity. 

Rate of Diffusion of Hydrogen in Steel.— G. Charpy s and S. 
Bonnerot have measured the rate of diffusion of hydrogen into thin- 
walled steel cylinders at different temperatures, and find that whilst 
practically no diffusion occurs under atmospheric pressure below 325°, 
osmosis is perceptible at 350 , and is about forty times as rapid at 
850°. Nascent hydrogen acquires special chemical activity in diffus¬ 
ing through irou and steel at ordinary temperatures. On" placing » 
steel cylinder in acid, or making it the cathode in a solution of sodium 
hydroxide, hydrogen diffused through the interior of the cylinder, 
but if the surface from which the hydrogen was liberated was placed 
a few millimetres from the cylinder the diffusion did not take place. 
The thickness of the walls, the nature of the metal, and also the 
interior pressure cause a variation in the rate of diffusion. It is 
shown by preliminary experiments that diffusion is not inhibited by 
a pressure of 14 atmospheres. 

Solubility of Hydrogen in Copper. Iron, and Nickel —A 

Sieverta 3 gives the results of his investigations on the solubility of 
hydrogen in copper, iron, and nickel, which he has determined for 
pressures up to 11 atmospheres, and at intervals of temperature from 
400° to 1600°. At constant temperature the solubility in solid and 

» lUrUitt, rot. xliv. pp. 2378-2385. 

: KtndtII. vol. div. pp. 592-531. 

/.ntukn/t/iir fkytikahuht Cktmit, vol. lixvti. pp. 531-SIS. 
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wf* 1 ‘fn’*' 8 «• P ro P ortio,ml to the square root of the pressure, but 
below 101) millimetres pressure the amount of hydrogen taken up 
diminishes rather more rapidly with the pressure than the above 
rule would indicate. Solubility increases with the temperature 
at constant pressure, and also increases suddenly when the metal 
melts All three metals give up hydrogen accompanied bv “ spitting " 
when they solidify in an atmosphere of gas. At the respective melt¬ 
ing points copper gives up 2 volumes, iron 7 volumes, and nickel 12 
volumes of the gas. 

Composition of Raw Metal for Tinplate.-J. Ln*«kowski 1 dis¬ 
cusses the chemical composition of the raw materials used in the 
manufacture of tinplate. As a rule the final product should contain 
a fairly high percentage of phosphorus. It is pointed out that if the 
charges ure poor in phosphorus good results may yet be obtained by 
the use of ferro-ailicon. 

Heat Formation of Silicates —D. TscbemobaefT 2 and L. Wolog 
dine have studied the heat of formation of various silicates uni 
aluminosilicates, by buruiug mixtures of the substance under investi¬ 
gation with wool charcoal iu a Mahler’s calorimetric ls>mb, and finding 
the difference between the quantity of heat disengaged by burning the 
carbon and the ohserved quantity. The results were as'follows : — 

Per Cent. 

SiQ|-t-CaO = +17-4 
SiOj+aCaO = +»7 
SSO,. ALOj-t-SCaO = +60-2 
2S»0„ A1 J 0,+SC«0 = f38-3 

SiOji-AljO, = -12-0 

Thus the beat of formation of anhydrous kaolin, 2SiO ,A1„0 is 
negative. “ 5 11 


Properties of Tungsten and Molybdenum. —W. D. Coolidgo 8 

describes several possible applications of wrought tungsten and molyb¬ 
denum. Wires of those metals ore cheaper than, and far superior 
to, platinum as a winding for electric furnaces, and when used upon 
an alundum body, higher temperatures can be obtained than with 
platinum. Tungsten and molybdemuu appear eminently suitable for 
electrical contact devices, owing to their high melting po’int, heat con¬ 
ductivity, and hardness. 


Properties of Vanadium —According to O. Ruff * and W Martin 
vanadium trioxide, melting at 2000°, gives better results in the pre¬ 
paration of pure vanadium than the pentoxide, on account of the 
rea.ly fusibility of the latter, which causes it to pus* into the slag. 

1 Garni Jamrnai 1911. pp. 21(1-238; Sukl and Sin. rot mrii. p, 281 

* CampUi Stndui, Tol. cli». pp. »i-JK ‘ 

3 Journal at Induitrial and hmgiHtrnnj Cktmittrr. tdL iv. po. 2-1 

* ZntukriftfUr angrwandU Cktmu, toI. nr. np.'iO-M. 
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Vanadium trioxide. prepared by reducing the pentoxide in hydrogen 
below 550°, is mixed with aluminium and 2 per cent, of powdered 
carbon, and pressed into a crucible lined with magnesia. After adding 
a layer of ignition mixture, the crucible is covered and heated to 
redness. The product contains 95 per cent, of vanadium. 

A less pure product is obtained by reduction with carbon in an arc. 
By moulding mixtures of the trioxide and carbon with starch into 
rods, sintering in an electric furnace at 1750°, and finally fusing in an 
arc, products containing 95 to 97 per cent, of vanadium are obtained. 
The impurity consists of carbon or oxygen, according to the propor¬ 
tions employed. 

The melting points of different specimens of vanadium have been 
determined by beating in an electric vacunm furnace. Either oxygen 
or carbon raises the melting poiut of vanadium, and by extrapolating 
the two curves obtained from mixtures containing varying quantities 
of carbon and of oxygen, pure vanadium is found to melt at 1715°. 
The raising of the melting point is due to the formation of solid solu¬ 
tions with the oxide VO and the carbide. The density is also found 
by extrapolation, being lowered by impurities. The pure metal baa 
D i, 7 5-688. The heat of combustion of 1 gramme of the pentoxide is 
245$ calories. 

Temperature of Formation of Titanium Dioxide.—W. G. 

Mixter 1 has redetermined the heat of formation of titanium dioxide 
by combustion of the finely divided metal in oxygen. The most trust¬ 
worthy observations give Ti + O, = TiO, (crystalline) + 2184 calories. 
This is about 1 '1 per cent, higher than the value obtained previously 
by the sodium peroxide method. Both values are in complete dis¬ 
agreement with that given by L. Weiss* and H. Kaiser, which is only 
97-77 calories. 


Duraluminium. —The properties of the alloy,* known as duralumi¬ 
nium, are described. Its composition is:— 

.. , ._ Per Cent. 

Aluminium... 

gW**. . 

Manganese.0-5-0A 

Magnesia.. 

This alloy is three times as hard as pure aluminium. Its modulus of 
elasticity is 700 kilogrammes per square centimetre. It melts at 
650°, and it iB more refractory than pure aluminium to the action of 
chemical reagents. 


Melting Points Of MetnlB- -The results of an investigation* 
carried out at the University of Wisconsin show that the melting 
point of tungsten is 3002° 0., and of tantalum 2798° C. f these values 
being somewhat different from the generally accepted ones. The 


* A rurican fttUnta!ef Sdtircr, rot. xxxiii. 

* Ztitickrift f Ur antrganiuk* Cktmit, vol. 

* Inmitn Eintriatu, vol. xxvi. p. 53 . 

» A/or tricot H'trU; Euftnrtr, roL cxili. p, 335 , 
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measurements were taken with great care, using the optical pyro¬ 
meter, and a direct-vision prism giving monochromatic light. 

K. Burgess 1 gives a table summarising the most recent determina¬ 
tions of the melting points of elements. This gives the following 
values:— ° 


Manganese 
Silicon 
Nickel 
Cobalt , 
Chromium. 
Iron . 
Vanadium . 

Titanium . 

Molybdenum 
Tungsten . 
CarUjni 


125 + 15 
142)+ 15 
1450 + 10 
1490 ~ 
1506* *15 
1520* 15 
1730+30 
2200 to 2400? 
1800 to I860? 
2500? 
3000*100 
unknown. 


Ferro silicon Explosions. — A. von (Jumberz* gives a short 
account of two explosions, occurring in April and September 1911, 
with ferro-silicon at the Bismarck Ironworks. Several of the con¬ 
tributors to the discussion attributed the explosions to the presence of 
moisture in the ladle. 


Corrosion of Iron. —6. J. Burrows* and C. E. Fawsitt deal with 
the corrosion of steel in water. The authors believe that the forma¬ 
tion of a ferrous compound in the first stage of rusting follows the 
equation SFe+O l +2H i O-2Fe(OHj l . 

It does not appear likely that the oxygen and water together act 
simultaneously on the iron. It is more probable that the iron first 
dissolves to a vety- limited extent in the water. It is known to be 
capable of dissolving to a small exteut in water as ferrous iron, dis¬ 
placing at the same time an equivalent quantity of hydrogen. The 
hydrogen, in the absence of free oxygen, polarises th*e iron surface, 
and the function of the oxygen is to remove the layer of polarising 
hydrogen. According to this view, iron should dissolve faster if it be 
in contact with a more electro-negative metal like platinum, for then 
the hydrogen would tend to collect more on the platinum plate than 
on the iron one. The acceleration of eurroxion caused by contact with 
platinum is shown in the following table:— 


Weight at Lem of Weight Lost of Weight 
blurt. after 17 Days alter 35 Day*. 


Steel . 

Steel with platinum 
Steel . 

Steel with platinum 


. •ET!" ‘ "*"«■*'* tfSeimttt, »oL * p. 16 , 

* Stahl uad Rum, vol. xxxii. pp. 267 -rfn. ^ 

* Journal of Me Ray<U Soaiity of Nru, South WoUj, toL xlv. pp. 07-75. 


Grammes. 

64-553 

64- 619 

65- 371 

63-383 


Grammes. 

o-m 

0185 


Grammes. 

0-288 

0-326 

0-273 

0 303 
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The steel strips had the following composition: Carbon 0’35, 
manganese 0 61, phosphorus 0-06. silicon 0 01, sulphur 0 01 per cent. 
They were fully immersed in unstirred distilled water. In all the ex¬ 
periments, those in any series were placed together in one part of a 
room- The temperature of the experiments wns the temperature of the 
room, and therefore was not constant, but varied in the same manner 
for each individual test in any series. The corrosion was determined 
by removing the steel after an appropriate time, scrubbing the surface 
well with a brush, drying and weighing. Corrosion is then expressed 
ns loss of weight. The authors also discuss the influence of composition 
and of the magnetic condition of steel on its corrosion. Experiments 
were also conducted primarily with the object of testing the action of 
some artesian bore waters on steel. It has been supposed for some 
time that tho bore waters in the Coonamble district have an extra 
corrosive effect on steel or iron castings. These experiments show— 
(1) that the bore waters tested are not noticeably more corrosive 
than distilled water, (2) tlmt moderate stirriug of the solution bus 
an accelerative effect on the rusting process, (3) that the initial rate 
of corrosion does not stand in any simple relation to the rate which 
sets in after some time has elapsed. 

T. Turner 1 in his presidential address to the Metallurgical Society 
of the Birmingham University, states that cxjieriments on corrosion, 
conducted at the University, show that when cast iron is attacked by 
weak acids the iron is first dissolved; the carbides and phosphides 
offering better resistance. With alkaline corrosion, on the other 
hand, the impurities were first dissolved, and the pure iron remained 
till last. 

A curious case of the failure of a screwed bolt-stay in the boiler of 
tho steam trowler Clyne Cattle is reported.- The stay, which wns 1J 
inches in diameter, together with the plate through which it passed, 
which was 1 n '.. inches thick, was eaten almost away as if by the action 
of some powerful ncid, with the result that the outside head was left 
so slightly attached that it whs blown off at the ordinary working 
pressure of 180 lbs. No sign of corrosion was visible elsewhere in 
the boiler, and there was nothing in its construction or working 
which could suggest any explanation of the severity and local 
character of the wasting. At the inquiry that was held all possible 
explanations were examined, but none afforded a clue to the severe 
isolated patch of corrosion covered by a radius slightly less than 
3 inches from the ceutre of the stay. 

H. Pilkington* compares wrought iron and basic mild steel a* 
reganls corrosion, mechanical structure, strength, and the mechanical 
tests involved. 


Corrosion Of Iron Pipes —The corrosion of iron and Other 
metallic pipes is considered, 4 and numerous clear photographs are 

• Mechanical Engineer, vr,l. rxviii. p 579. 

« Hoard of Trade Refart. No. 20Of!. Mechanical Engineer. to! xxxuU p. 701. 

» Journal of Ike II eat of .5. atland Iron and Steel Inrtitnte, vol. »i. pp. 345-2W. 

• Stahl umd Siren, vol. xxxi. pp. 14S&-1493. 
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shown illustrating special cases of corrosion. It is pointed out that 
weakness and corrosion may result from internal and external causes. 
To the former belong such factors as inequality and chemical activity 
of the material composing the pipes, existence of stresses, and paro- 
sitv. Amongst, the external causes are giouped the mechanical and 
chemical action of the surroundings, such as, for example, the pressure, 
temperature, and chemical activity of the water, soil, or air. Elec¬ 
tric ami galvanic forces are porticulat ly severe, the latter leading to 
the conversion of cast iron into s mass of graphito, by removal of the 
irou, which mass retains the original shape, but none of the strength, 
of the casting. The consequences are thus liable to prove very 
serious, inasmuch as the corrosion is not cajiuble of immediate 
detection. 

A case of the corrosion 1 of a wrougbt-iron steam pipe and cast-iron 
valves of a boiler plant have been traced to the use of soda in the 
feed-water as a scale softener. It was found on examination that 
the dry steam pipes had been strongly corroded, while the wet steam 
pipes were in good condition. It was evidont that soda |>artieles 
had been carried by the steam, and had dried on the dry pipes, 
thus forming a white incrustation; while the wet steam had pre¬ 
vented the formation of a solid deposit. Soda dissociates into 
caustic soda and carbonic acid at high pressure and temperature, 
and it is known that in the presence of water and oxygen car bonio 
acid attacks iron. It is farther known from the recent researches of 
Heyn and Bauer that diluted caustic soda corrodes iron. 

F. N. hpeller* discusses the influence of the method of manufac¬ 
ture on corrosion of Boft steel tubes, and gives a table of comparisons 
of the corrosion of boiler tube materials in aerated water and 
sulphuric acid. 

Electrolytic Corrosion. —J. L. It. Hayden * has studied the 
problem of corrosion produced by stiay currents in tire ground, and 
some preliminary results of an investigation of the corrosion of iron 
under the influence of an electric current urn given. A 1 per cent, 
solution of ammonium nitrate was first used as the electrolyte, as 
nitrates and nmmottia. salts are the most probable conducting com¬ 
pounds in soils, especially in cities. As the electrolytic corrosion 
of the iron was found to be much lower titan tire theoretical value, 
tests wero made to see whether this was due to a partial corrosion 
or to periods in which no corrosion took place. The results indicate 
that there is no partial corrosion, but that the iron is either passive, 
that is, practically no corrosion takes place, or active, that is, full 
theoretical corrosion occurs. Fractional values of the theoretical 
corrosion are observed only where the cell has been operated con¬ 
tinuously for a considerable time, and apparently bad started activo 
and become passive. In the experiments described the active state 

■ " Vulcan," F.ntinrtr, vol. cxitl. p Sul. 

* fenrnul jf IM* So. nty Cktmixmi industry. vuL lax. pp. 3fiS-366. 

* Atnrnal .•/l!u Franklin Institute. voL dxiii. pp. St-301 
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occurred eight time*, the passive state ten times, and three times 
the corrosion was intermediate between the two states. Other 
electrolytes were investigated, those of special interest being potas¬ 
sium nitrate, ammonium nitrate, and ammonium carbonate. All 
three give a corrosion which is appreciable, hut only 25 to 38 per 
cent, of the theoretical, and all three show a sudden voltage rise 
during the run. It is thus Miie to assume that with these electro¬ 
lytes the cells start active, but become passive during the earlier part 
of the run. 

G. K. White 1 has studied the electrolytic corrosion of tine, copper, 
nickel, tin, iron, and cadmium, when these metals are made anodes 
in solutions of sodium chloride, sulphate, nitrate, acetate, and tartrate, 
containing 75 grammes of salt per litre. The metals corroded to 
different extents in different solutions, although the same metal often 
corroded to the same extent in two and sometimes in three electro¬ 
lytes. The corrosion in some cases corresponded very closely with the 
theoretical amount calculated from the current, but it was often very 
much less, and occasionally very much greater. When the corrosion 
was very much loss than the theoretical, it was found that further 
action was prevented by tho formation of a hydroxide or oxide film 
on the anode. In some cases the formation of this film could be 
detected by a marked increase in the resistance of the circuit. 
When corrosion was greater than tho theoretical quantity, the 
excess was not found to be due to loss of metal by mechanical dis¬ 
integration. In such cases it is probable that the metal went into 
solution in a subvalcnt form. 

Corrosion of Iron in Contact with Slag— E. Uevn* and 0. 
Bauer have carried out a series of experiments to determine the suscep¬ 
tibility of low.carbon steel to rust attack when in contact with blast¬ 
furnace slag. This latter material is now often used for the packing 
of steel sleepers on railways in certain industrial districts in Germany, 
and it is therefore of importance to discover whether the sulphide 
sulphur always present in slag does not become oxidised by exposure 
to the weather to sulphuric acid and seriously attack the metal in 
contact with it. A number of experiments were made with strips of 
bright steel placed in jars containing a definite weight of slag 
moistened with distilled water. Four sorts of slag were used, the 
sulphate of lime contained varying from 3 96 to 6*68 per cent. 
The steel strips contained—carbon 0 04, silicon 0 01, manganese 
0-59, phosphorus 0034, sulphur 0 025, copper 0*16 per cent 
For comparison, some of the strips were also placed in jars con¬ 
taining ordinary gravel, and were moistened in the same way with 
distilled water. The weight of each strip averaged about 9 5 
grammes. At the end of twenty-two days the strips in contact 
with the slag, in one of the series of experiments, wore all strongly 

> Journal of Physical Chomiatry, voL xv. pp. 723-702. 
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corroded, the loss in weight amounting to O'1289 gramme in the ease 
of the least attacked specimen, to O' 1458 gramme in the most strongly 
attacked. The specimen in contact with gravel in the suae time lost 
0*0297 gramme. 

Corrosion of Iron in Concrete. —E. Donuth 1 states that experi¬ 
ment* do not confirm Hnhland's view that the active agent in the 
removal of rust from iron in reinforced concrete is calcium hydrogen 
carbonate. Only that part of the ferric iron which is in combination 
with ferrous oxide is converted into calcium ferrito. 

P. Rohlnnd 3 replies to Donath'a criticisms. 

Passivity Of Iron. -In continuation of their previous work, 
W. R. Dunatau 5 and J. It. Hill liuve investigated tho cause of 
the inhibiting effect of certain substances, such a» alkalis and 

C ‘ Fcvsium dichromate, on the rusting of iron and other metals. It 
been found that this effect is in all cases the result of the 
establishment of a passive condition of the iron. The effect persists 
long after the metal has been removed from the inhibiting solution 
and carefully washed with water. The passivity is more or less 
rapidly destroyed by contact of the iron with certain salts or dilute 
acids, including carbonic acid. It is pointed out that the facts now 
recorded invalidate many of the results recently quoted in support of 
the carbonic acid theory of rusting, and further evidence is produced 
in favour of the conclusion maintained in previous papers, that the 
presence of carbonic acid is not essential to the rusting process. 
Results of experiments are recorded, showing that the electrolytic 
theory of rusting cannot be maintained, and it is also shown that 
other metals besides iron exhibit the phenomena of rusting, and are 
also capable of assuming tho passive state. 

W . K- Duns tan 4 and J. R. Hill find that the passive state of iron is 
induced by solutions, in many cases by dilute solutions of a number of 
salts, such as potassium dichromate, chromate, ioilate, chlorate, ferro- 
cvnnide, and also by alkalis and alkaline salts, anti that, besides iron 
and metals of the iron group, other metals, including magnesium, 
lead, sine, and copper, are also capable of assuming the passive state 
under the same conditions. In addition to being destroyed bv contact 
with certain salts and dilute acids, passivity can be removed by 
scratching or brushing the surface of the passive metal, as well as by 
other meclianieal means. The evidence obtained points strongly to 
the conclusion that passivity is the result of the formation of a film 
on tho surface of the metal. The results of experiments show that this 
film probably does not consist of “ physically " altered metal or of a 
gas film. The passivity of iron is destroyed by heating in a vacuum 

• Ztitukrift fUr angecMniU Cktmit, to!. xnv. pp. 2356 2356. 

» 1HJ.. p. 2356. 
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to 400°, and disappears when passive iron is heated in hydrogen to 
240—250 . at which temperature it is known that magnetic oxide of 
iron is reducible by hydrogen. The observed facts point to the con¬ 
clusion that " passivity is probably the result of the formation of a 
solid tilm of oxide on the surface of'the metal. It has not, however, 
been hitherto recognised that certain metals, and especially iron, are 
capable of oxidation through cold dilute alkaline solutions. 

In discussing the passivity of metals, E. Grave' states that there 
are serious objections to the oxide theory of passivity and to the 
suggestion that the passive and active metals have different valence. 
The author considers that Lh Blanc’s theory is the only one that is in 
accordance with facts. Le Blanc has pointed out that the solution 
pressure of iron in the passive state is much smaller than that in the 
active state, and on this basis there are two possibilities: (1) either 
pure iion is the active form and a negative catalyst is produced which 
renders it. passive, or (3) pure iron is the passive form and is rendered 
^votive by riome positive catalyst. which greatly increases it* solution 
pressure. The results of the author's investigations, which are given, 
lend support to the latter view, the positive catalyst being H' ions. 

II. u. Byers and M. Danin have shown that when iron is used as 
an anode in venous electrolytes the current density required to pro¬ 
duce the passive state is increased when the anode is placed in a 
magnetic held, and H. G. Byers* and A. P. Morgan have now found 
that the same u true in the ease of nickel. Magnetised steel is more 
dithcult to render passive than steel which has not been magnetised, 

. soft steel is affected to n greater extent than hard steeL The 
positive pole of the magnets is rendeied passive more easily than the 
negative pole. * 


J. Newton Friend 1 shows that even compact forms of iron are 
porous, so that when the metal is immersed in certain solutions the 
latter are absorbed to a minute extent. The passivity induced by 
immersion of iron in alkaline solutions, such as those of pota.-siuii 
and sodium hydroxides, is due to absorption of minute quantities of 
these substances within the pores of the metal. The pL.vitv mar 
be retained for long periods if the metal is kept dry since the alkal'i 
afl! U I* 81 * 11 ”' J f | t le softk «l «n water for several davs 

tbLt t r d Jt now lo «» ite passivity, whilst 

. W th ! r Mhin ^- An explanation is thus to 

ban 1 of the difficulty experienced by painters in removing all traces of 
acid from iron after pickling before applying the protective coatings. 


? 0f Ir0n , and Steel. —M. A. Meade* describes . 
system of “ sand-spraying min or steel in order to prevent corrosion. 
A thin coating of silver sand is sprayed on to the paint while the 

: ft**, 

* Hid.. voL unit. jtp. 1757-i7ai ‘ t * y ' Tol ‘ PP- 750-iW- 


PHYSICAL AN1» CHEMICAL PROPERTIES. 


597 


latter is wet.. The paint is allowed to dry, another coat is then 
applied, and this is also sprayed with sand Finally, a third coat of 
paint is put on, but sand is not sprayed on to this. When the whole 
has thoroughly dried, the sand combines with the paint and form* a 
hard shell, which is able to withstand attacks of rust-producing agents. 
The apparat us for spraying the sand consists of a pair of bellows, a tin 
sand reservoir, and a small gas cock. The pipe from the reservoir 
leads into the blowpipe of the bellows, and n fan-shaped “ spreader " 
is fitted to the bottom of the blowpipe. At the base of the reservoir 
is placed a gauze, which prevents the possibility of small lumps stop¬ 
ping up the feed-pipe; and to the underside of the reservoir lid is 
fitted a small flap-valve, which prevents the sand from being blown 
out at the top during the operation of spraying. It is recommended 
that the article to be treated should be thoroughly scraped and 
brushed with a wire brush, and a coat, of red lead paint applied, 
without the sand spray, before the painting as suggested is commenced. 

K. Liebreich 1 and F. Spitzer have carried out experiments with 
various iron varnishes with a view to ascertaining the influence of 
painting on the rusting of iron, and they find that one coat of varnish 
or paint may protect the iron, but that the application of several 
coats will actually promote rusting. Highly polished sheet-iron was 
coated with various paints, consisting of linseed oil and some oxide 
(lead, zinc, iron), sometimes further mixed with curbon ; the addition 
of curbon made no difference in their behaviour. These sheets were 
suspended over boiling water for four days and nights. Half the 
surface of the iron wa> then bared of its coating with the aid of 
toluene, and the bore surface covered with vaseline to prevent any 
further rusting. In all cases except one the iron bad remained bright 
when one coat had been applied, but had rusted under two coats, and 
distinctly rusted still more under three or four coats of the some 
paint. Some commercial [mint* gave the same results. Potential 
differences were observed between iron wires coated with the paints 
in question and the bare iron wire, when both wires were dip|»ed in 
salt solution. 


Galvanising Iron and Steel. —A. Saug - deals exhaustively with 
the galvanising of iron and steel. He commences by pointing out the 
advantages of zinc as a protective covering. Its principal competitor 
is tin, and, as the melting point is lower than that of zinc, its applica¬ 
tion to iron by heating processes, that is to say by dipping into the 
molten metal, requires a lower expenditure of fuel. The oxidation of 
the surface of the metal is leas pronounced, and the coating is more 
brilliant and nicer looking than zinc, while, when used for cooking 
utensils, the salts of tin which mav be formed are less injurious than 
the products of zinc. But in spite of these advantages, its high price, 
and the inadequacy of the protection it affords, lead to preference for 

1 Xtitieknft fUr Eltktrx ktmie, vol. xviii. pp. 94-99. 

* &nm it Wtallurgit, Mimnrti, voL «. pp. 1-31, 78-111, 160-186, 275-29S. 
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zinc, taking the relative prices of tin and zinc and the differences 
of density of the two metals, a coating of equivalent thickness is 7‘3 
times more protective when zinc is used than when tin is em¬ 
ployed. Nickel, the price of which is about 3f» per cent, higher than 
that of tin, can only be used in extreme cases where expense need not 
be considered. Copper and brass give rise to toxic products, and 
afford no protection against galvanic action. Lead can only be 
employed to a limited extent, as its adhesion to iron is poor. It 
offers no protection against galvanic action, but rather accelerates it, 
and it wears off rapidly. Coating iron and steel electrolytically by 
means of aluminium, although a British patent date* from 1855, is 
hardly n practical proposition. The Schumann process was employed 
some years ago to cover 500 tous of castings in the city of Phila¬ 
delphia. In this case tho iron was first coated with electrolytic copper, 
but subsequently by a layer of an alloy of tin and aluminium, but the 
actual coating consisted mainly of tin. The experiment gave bad 
results, as the coating peeled off and the iron rusted rapidly. The 
adhesion of pure aluminium to iron is very poor. The advantages of 
zinc ore considered in respect to its adhesive properties, the uniformity 
of the coating, the absence of discontinuity, its resistance to corrosive 
agents and to wear, and its flexibility.’ The permanence of the 
adhesion depends on the difference between the coefficients of dilata- 
tion of the two metals. Electric processes are much superior to hot 
dipping in securing uniform thickness, but from the point of view of 
pinboling and discontinuity, electrolytic detritions are inferior to hot 
dipping. Although zinc is a soft metal like tin, it becomes hard after 
being applied to iron, this hardening being due to the absorption of 
the iron, which may reach as much as 8 per cent. To this extent it 
loses its flexibility, and special precautions are uecessarv when it is 
required that the galvanised material should lie folded’ A badly 
adhering coat of zinc highly charged with iron is one of the worst 
coverings that can be employed. The theory and practice of galvanisa¬ 
tion are discussed at length, with special reference to the holds of 
steamers and of boiler-plates. Tho origin, sources, and physical and 
chemical properties aro then considered in detail, and the influence 
of corrosive agents are fully described under the headings of atmos¬ 
pheric corrosion, corrosion in soft water, corrosion in sea water and in 
saline and alkaline solutions. The earliest experiments in galvanising 
iron by means of molten metal were carried out by a French chemist, 
Malania, whose experiments in 1741 formed the basis of a report to 
the Royal Academy in the following year. He employed a bath of 
molten metal, and claim,<1 that iron thus treated lasted longer and 
better than it did without such protection. Subsequently experi¬ 
ment were made, both in France and in other countries. In’England 
and in America it has become a habit to regard the English patent 
granted in April 1837 to H. W. Craufurd as the earliest patent relat¬ 
ing to hot galvanising, but this elaim cannot be substantiated. 
Although the sherardiring of iron is a comparatively recent pro¬ 
cess, the method of coating iron by cementation and heating in 
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rino powders was known os fur back as 1838. An English patent 
was granted in that year to Miles Berry for n somewhat similar 
method of coating copper with zinc. The choice of a method 
of galvanising is next considered, and the baths, furnaces, and 
methods of heating are described and illustrated. The subject is 
dealt with under the following heads: Preparation of the surfaces 
to be covered; composition of the bath; constitution of the cinders 
and mattes, management of the bath, use of fluxes; nature nnd 
appearance of the deposit; galvanising of sheets and of hollow 
articles; and the gnlvanisiug of wire, strips, thin sheets, and wire 
trellises. 

The theory and meelmnism of electrolysis are next considered, and 
the practical rules deduced from the theoretical considerations are 
given in detail. Illustrations are supplied of the electrical apparatus 
employed, and the machinery used in the electro-galvanising of tubes, 
wire, and small objects. 

Shenmlising is next described, and in ibis connection the physical 
state, chemical composition, production and redistillution of the sine 
dusts are considered. The theory of the cementation of zinc and the 
influence of tho electromotive force of contact are considered, and the 
practical details of sherardising, together with the plant and materials 
employed, ore described. 

A. Sang 1 2 discusses the same subject elsewhere. 

_ The Lohinanni'ing process is described and illustrated. 3 It is 
similar to the old hot galvanising process, the chief difference being 
that instead of the muriatic bath, a spelter Imth is employed. The 
material is first pickled in a bath of sulphuric acid and then dipped 
into the Lohmann bath, which, being composed of an acid and an 
amalgamated suit, further cleanses the pores and cavities, and deposits 
metallic salt upon the entire surface, the salt penetrating into the most 
minute pores and cavities. The bath is a solution of hydrochloric acid, 
bichloride of mercury, and sal-ammoniac. After drying, the materinls 
are immersed in the molten protective alloy, and an amalgam or 
chemical union is thus formed between the amalgamating salt and the 
protective alloy. The junction between the iron and steel and the 
protective alloy is not only maintained chemically pure and free from 
oxides, but is mechanically intimate, it is possible to use zinc as a 
coating; or when extreme pliability is not needed, and a bright appear¬ 
ance is desired, an alloy of 10 parts of lead, 1 part of zinc, and 1 port 
of tin may usefully be employed. 

It is stated a that for rapid and efficacious removal of rust or scale 
from iron and steel, pickling with muriatic add diluted with water 
should be used in the following proportions; Water, 1 gallon; 22° 
muriatic acid, I gallon. If slightly warmed the pickle works more 
rapidly than when cold. 

1 Paper read before the American Kkctro-Cheinical Society ; Iron TraJe Kevin*, vt>L 
xlix. pp. 876-4*77- 

2 Metallurprol jn,i CJkemaul Engx+ttnHg. voL k. pp. 353-254. 

* Br&u World. ProcticaJ Engineer, toL xlir. p. 365. 


600 


THE IRON AND STEEL INDUSTRIES. 


P. 8. Brown 1 discusses recent progress in the presorvatiou of iron 
and steel. 

The Schoop Method of Coating Metals. —F. Loppe 1 gives an 
account of the application of the Schoop method of coating surfaces 
with metal. 1 he method consists of projecting the powdered metal in 
the form of a high-speed current on to the object* to be plated. The 
deposit ran either be made to adhere to the object, or it may be made 
so as to be detachable and to serve as a mould. 

1 Metal Industry, vol. X. pp. 23-21. 

5 Rnnu dt Metallurgy, Mi meins, vol. ix. pp. 269-27I. 
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I .—ANALYSIS OF IRON AND STEEL. 

Estimation of Carbon. —A. Kayl 1 gives a method for the rapid 
determination of carbon in steels, brass, and other iron alloys. 

Do Nolly * also gives a method for the determination of total carbon 
in iron, steel, brass, and ferro alloys. 

Estimation of Carbon in Iron and Steel in the Electric 

Furnace —H. Augustin* describes a process for the estimation of 
carbon in iron and steel in the electric furnace. The process is 
similar to that described by Lorenx, but the sprinkling over of the iron 
with lead chromate cannot be recommended. It is, however, abso¬ 
lutely necessary to use copper oxide in the front part of the porcelain 
combustion tube in order to ensure complete oxidation of the carbon. 
The author also describes and illustrates an electric furnace in which 
it is possible to heat the iron at 1000° and the copper-oxide layer at 
800°. The combustion is carried out in a current of purified oxygen, 
and after passing through drying-tubes containing sulphuric acid the 
carbon dioxide is absorbed in the usual soda-lime tubes. 

Estimation of.Oxygen. —A.S. Cushman 4 states that three im¬ 
portant method* of estimating oxygen in steel are: (1) Heating the 
sample in a stream of dry chlorine; (2) dissolving in special aolvents. 
such as copper sulphate or bromine; (3) combustion in a stream of 
hydrogen. The hydrogen is generated from drillings of pure iron or 
“ mossy " line with dilute hydrochloric acid, and is passed successively 

* Chi mi tt. voL Hi. pp. 4—JV. 

» Ibid., p. 2G. 

» 7.eits<hriftfur Chemie. rot. xxiv. pp. lSHO-lgm 

* Journal of Industrial and Engineering Chemistry, vol. Ui. pp. 372-374. 
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through potassium hydroxide solution, concentrated sulphuric acid, 
over a roll of platinum gauze in a strongly-heated silica tube, and 
finally over phosphoric oxide. The finely divided borings (20 to 30 
grammes) are weighed into a platinum (or silica) Ust introduced into 
the silica combustion tube, and after jvissing hydrogen through until 
all air has been removed the tube is rapidly heated to about 850°, and 
maintained at this temperature about thirty minutes, whilst the puri¬ 
fied dry hydrogen passes at a rate of about'lOO cubic centimetres per 
minute. The apparatus is then cooled in the stream of gas, and the 
fared absorption tube, which is charged with phosphoric oxide, is 
rt?w*‘ighed. A l>1 -ink is first made to enable the necessary corrections 
to be made. 


Estimation of Phosphorus --C. Reiehard 1 states that in the 
estimation of phosphorus in iron and steel it is proposed to limit t he 
amount 01 iron taken for analysis to 1 gramme, owing to the high 
molecular weight of the ammonium phoephuniolvbdate which enables 
even minute quantities of phosphorus in iron "and steel to yield a 
precipitate that can be weighed with great accuracy. 

E. R. K. Muller 3 describes a inethsl of determining phosphorus in 
pig iron and cast iron without the separation of silica. 


Estimation Of 8ilicon —Reichard 3 gives the following method 
for the estimation of silicon in iron containing much graphite. One 
gramme of the finely-dmded iron i, heated in a platinum crucible 
for fifteen minutes over a gas blowpipe, or for one hour over a Bunsen 
flame, and then dissolved in 25 ,*r cent, hydrochloric acid. The 
solution is decanted from the small quantity of' insoluble matter, and 
the latter ,s treats with fuming nitric acid. After the two arid 
solutions have been mixed together the insoluble graphite is collected 

• ; - an<l . ,gn,te(1 in an “tmosphere of oxygen. Tin- 

portion of the silica remaining in the acid filtrate is e-Wied in the 
umitt l way. 

f ir^fl^ 1114 ^° n * Sulphur <t. Auchy* gives details of a method 
for the estimation of sulphur by cadmium chloride, which obviates 
so me of the errors attaching to the usual method by which snch 
estimations ore made Four grammes of drillings are'placed in an 

insult; i “it hydKri. 

r r “, ' *“ «“ u ; k yweu* ™i,« tUtim. Mb bold- 

-n.b 

i . .j 6 , . i.uuiamiiig About 35 cubic centimetre* of 

cadmium chloride notation mridi* n«» r.ill^ i?* 1 # 

one nnund in OlWl ^ n P M follows: First stock sollltiou of 

one pound ,n 2000 cubic centimetres water; then 100 cubic renti- 

: sp* * * « m 
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metros of this mixed with 300 cubic centimetres of strong ammonia 
ami 600 cubic centimetres of water. After connection a low flame is 
applied, and when the drillings are dissolved the solution is boiled 
until the second small bottom bulb of the Troillius gets too hot for the 
fingers to grasp. The flask is then detached while still boiling, and 
tim apparatus well blown through by the mouth. The Troillius bulb 
is then placed in cold water, and tho pipette detached from the 
nitrogen flask (hut not from the Troillius bulb) and placed in a small 
beaker. The cadmium sulphide precipitate and cadmium chloride 
solution are drawn up into the bulbs and kept there by a Mohr com¬ 
pressor clipping the rubber tube. Then into the flask thus emptied is 
poured a mixture of 60 cubic centimetres of dilute (1: 1) hydrochloric 
acid, 115 cubic centimetres of ice water (ordinary drinking water), the 
bulk of the iodine solution that will be required in the titration, and 
a little starch solution. Then to this mixture in the nitrogen flask 
are transferred the contents of the Troillius bulb anil pipette and of 
the little beaker. The contents of the bulbs at the side are run doan 
into this liquid little by little with shaking, until the colour first 
changes from blue to purple. A few drops of iodine solution are then 
added from the burette—to restore the blue colour—and a little more 
of the cadmium sulphide and cadmium chloride is run down from the 
ride bulks until these bulbs are emptied and the titration in them 
finished. The iodine solution is standardised by permanganate and 
thiosulphnte. The titration by the thiosulphate must be made promptly 
in order that the sulphuric arid may not have time enough to set free 
any iodine. 

H. Kinder* recommends the following method for the estimation of 
sulphur in iron and steel as giving both rapid and accurate results. 
Five grammes of drillings are dissolved in 100 cubic centimetres of 
warm hydrochloric acid (specific gravity, 119), tbo evolve-1 gases being 
first washed in a small quantity of water to remove any free acid that 
distils over, and then absorbed in 50 cubic centimetres of ammonia oil 
cadmium chloride solution (20 grammes cadmium chloride, 400 cubic 
centimetres of water, and 600 cubic centimetres of ammonia, specific 
gravity, 0-96). The cadmium sulphide thus precipitated is filtered, 
washed, and transferred with the filter paper to a flask containing 10 
cubic centimetres of potassium iodide solution (30grammes potassium 
iodide and 10 grammes of sodium hydrogen carbonate per litre), some 
dilute sulphuric acid, and excess of permanganate from a burette. 
The whole is shaken until the cadmium sulphide is completely decom¬ 
posed. and the excess of iodine is estimated with sodium thiosulphate. 
The reactions are: 

10KI+2KMnO,r 8H r S0 4 =5!,+6K,S0 4 + 2MnS0 4 -r8Hj0. 

CdS-t-HjS0 4 +2I=Cd50 4 +2HI +S. 

The permanganate solution is diluted till one cubic centimetre corre¬ 
sponds to O'OOl gramme of sulphur. 

* StaAl »nd £istn, voL mi, pp. 1838-1S39. 
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E- R- E. Muller 1 describes tin ingenious method of ensuring com¬ 
plete absorption of sulphuretted hydrogen as evolved on the solution 
of iron in hydrochloric acid during the estimation of the contained 
sulphur. The gas enters a gas jar, 6 centimetres in dimeter and 
M centimetres in height, containing the cadmium solution to a depth 
of 9 centimetres, through a glass tube which reaches to the Itottom of 
the jar. The end of the glass tube is twice bent at right, angles, the 
open end being cat close off at the second bend. The gas thus leaves 
the tube on its upward passage through the liquid, close to the bottom 
and at the centre of the jar. In the centre of the jar. and dipping 
down some 4 centimetres into the liquid, is a l>ell very much like an 
inverted thistle funnel, but closed where it joins on to the glass tube. 
The rim of this bell is nicked. The bubbles of gas rise vertically 
through the liquid and collect in the hell. As more and more bubbles 
ascend the bell becomes too full, and excess gas escapes in small 
bubbles through the nicks in the rim. In this way the gases ore 
exposed very thoroughly to the absorbent action of tho solution in 
the jar. 

Apparatus for the Estimation of Sulphur and Carbon.—D. 

A. Wennmann 3 finds that in the estimation of sulphur in iron and 
stoel a continuous stream of water through which to pass the gases 
evolved is unnecessary. He has, therefore, devised a special cooler 
for the gases, which is fitted into the decomposition flask by a ground- 
glass joint. The whole apparatus is made of glass, and everything 
is so arranged that the gases evolved from tho flask have to pass 
through water contained in the cooler before escaping to the absorption 
vessels. The necessary tubes for running the acid into tho flask and 
for passing a current of carbon dioxide through the apparatus towards 
the end of the estimation ore also provided. For the estimation 
of carbon a condenser is fitted into the decomposition flask by a 
ground-glass joint, a special tube being sealed through the bottom 
of tbe condenser for leading gases free from carbon dioxide through 
the apparatus. Diagrams are given. 

Separation of Chromium. —-J. R. Cain* - describes a method for 
the determination of chromium and its separation from vanadium in 
steels. Thu method is based on the fact that chromium, in much 
larger amounts than that carried in the ordinary commercial steels, 
can be precipitated completely in a few minutes by boiling the 
nearly neutralised ferrous solution of the steel with laudum carbonate, 
cadmium carbonate, zinc oxide, or magnesium oxide. 

Estimation of Copper. —For the estimation of copper in steel* 
S. Zinherg 1 states that 3 to T> grammes of the sample are heated 

* SlaJtl und turn, vol. jucxii. p. 494. 

* Zdtickri/tfiir anftwunJl* Chrmie, vol. xxiv. pp, lgtfl 

* Journal of Jnduitrial and Knfintrrjnj' Cktmutrf, vol. iv. pp. 17-19. 

4 Zeituhnft fur an*lytin hr Cktmit, voL K. pp. IP-JJU. 
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with dilute sulphuric acid in a current of carbon dioxide. The iron 
dissolves, nud the copper which is left unattneked is finally ignited 
and weighed os oxide. A special apparatus is described and illustrated. 

Estimation of Manganese.— Stanichitch 1 gives a method for the 
rapid colorimetric estimation of manganese in iron and steel by means 
of ammonium persulphate. Half a gramme of the sample is heated 
with 20 cubic centimetres of 1 '2 nitric acid in a 100 cubic centimetre 
flask and, after driving off the nitrous fumes, 20 cubic centimetres nf 
•over nitrate solution (6 in 1000) are added, and while the solution is 
still warm about 1 gramme uf ammonium persulphate is placed in the 
flask, which is then filled up to the 100 cubic centimetre mark with 
water which must be free of hydrochloric acid contamination. The 
thumb is places! over the mouth of the flask and the contents well 
shaken. The violet colour of permanganic acid appears at once. The 
■olution is left until the maximum intensity of coloration is reached. 
This takes a few minutes only. An aliquot part of the solution is 
withdrawn and compared colorimetrically with a standard which has 
been similarly treated. Eggertz tubes being used. If the liquid is too 
hot, when the silver nitrate solution is added, a slight cloudiness innv 
arise owing to the precipitation of a little hydrated manganous oxide, 
and it Is therefore better to cool the contents of the flask under 
a stream of water before adding the solution. The presence of 
nickel, chromium, and copper do not impair the accuracy of the 
results. 

J. J. Boyle* gives a method for the determination of manganese in 
steel. This method ib a modification of that of Walter, the essential 
difference being the introduction of sodium chloride whereby the 
reoxidution to permanganic aeid is prevented. 

Estimation of NickoL—S. w. Parr 9 and J. M. Lindgren state, 
with reference to the dimethylglyoxime process for the determination 
of nickel, that nickel may be precipitated in the presence of iron, 
aluminium, and chromium, provided the solution contains sufficient 
tartaric acid to prevent the precipitation of these metals bv ammonia. 
In a series of determinations upon a steel containing about 1 percent, 
of nickel the result afforded by direct precipitation was practically 
the same as that obtained by precipitation in the iron free solution". 

It was also found that, after precipitation with dimethylglyoxime, 
nickel may he determined volunietrically by dissolving the precipitate 
in an excess of standard sulphuric acid" and titrating back with 
standard potassium hydroxide, the end-point being shown by the 
appearance of a faint yellowish colour in the previously colourless 
solution. The acid is standardised against pure nickel which is 
precipitated with dimethylglyoxime and titrated as described. 

1 Krvut dt Mdlallurgit. Utmoim, rol. viii. pp. 891-892. 

* Journal of Industrial and Ergintrring Cktmiitrj. roL iv. pp. Soj ja 

9 TramttuHout of tht Amtruan Bran Foundtri Auatatiou. vot v. pp. 130- 124 . 
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Estimation of Tungsten —T. Kucxyhski 1 gives the following 
methods for the assay ofnigb-grade alloys of tungsten:— 

Chlorine Mathod .—The coarsely-powdered sample is placed m » 
porcelain boat, and introduced into a combustion tube connected with 
a Peligot tube filled with dilute hydrochloric acid (1:5). A rapid 
current of chlorine is passed, and when the air is completely expelled 
the combustion is started as usual until only n little carbon remains 
in the boat. When cold the tubes are disconnected, and after 
emptying the Peligot tube both are washed, first with warm 
hydrochloric acid and then with dilute ammouia. The mixed liquids, 
measuring about 500 cubic centimetres, are mixed with 5 cubic 
centimetres of hydrochloric and nitric acid* in excess, and boiled until 
00 cubic centimetres are left. The tungstic acid is then collected and 
washed, but os some remains in solution it is necessary to recover 
this by evaporating to dryness and heating the residue at 120 ; 
the muss is then lioiled with dilute hydrochloric acid, ami the un¬ 
dissolved tungstic acid is collected. Any iron contained in the 
tungstic acid may be freed therefrom by dissolving in dilute ammonia 
and reprecipitating by boiling with excess of dilute hydrochloric acnl 
(1 :10): the traces remaining in solution are then again recovered 
by evaporation as directed. The precipiuto is finally dissolved in 
ammonia, evaporoted to a small volume in a quarts crucible, acidified 
with nitric acid, evaporated to dryness, and then ignited to the 
trioxide. 

Hydrofluoric Add Method .—The sample, in small lumps, is treated 
in a platinum crucible with 5 cubic centimetres of nitric acid (L> l'*) 
and 2 cubic centimetres of water for every 0-2 grammo taken for 
the assay ; 0-5 gramme (or more) of ammonium fluoride is added, and 
the whole is heated on the water-bath until dissolved ; sometimes it >“ 
necessary to add a few drops of sulphuric acid. Finally 2 to 3 cubic 
centimetres of sulphuric ncid are added, and the fluorine is expelled 
by heating on the watcr-liath. When cold the contents are rinsed 
with water into a beaker, traces of tungstic acid adhering to the 
dish being dissolved in dilute ammonia. 'Hie solution, measuring 
about 60 cubic centimetres, is then boiled with 20 cubic centimetres 
of hydrochloric acid, <ke., as in the chlorine method. 

Mechanical Methods of Analysis. —C. H. Ridsdale* and N. n. 
Ridsdale give further data on the subject of mcehunicalised methods 
of analysis, being an extension of the paper submitted by the authors 
to the Iron and Steel Institute.* 

Laboratory Equipment. —K. Friedrich 4 describes the build¬ 
ings and equipment of the metallurgical department of the Royal 

* Hulk tin International de t Aiadtmit des Science/ de Cracow, 1011, A. pp. MS-644. 

* Pmetdixgi of the Cleveland Imtitution of Engineers, 1911-1912, No. 4, pp. TW" 

164 . 

* Journal of tie Iron and Steel tmtitute, 1911, No. 1. pp. 332-373. 

* Sfetallnrgie , roL i*. pp. 41-48. 81-92. 
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Technical High School at Breslau. Photographs of the various 
laboratories are shown. 

A preliminary report on the quality of platinum laboratory uten¬ 
sils has been issued > by a committee appoints! by the American 
Chemical Society on the occasion of the Convention "at Minneapolis. 
The committee consisted of W. F. Uillebrand, P. H. Walker, and 
E. T. Allen, and the report deals with the alleged inferiority of 
platinum ware made in recent years compared with that procurable 
many years ago. The objections as to inferior ware comprise allet^a- 
tiotis ns to undue loss of weight on ignition and on acid treatment, 
unsightly appearance, alkalinity, blistering, and the development of 
cracks, and a tendency of crucibles and dishes to adhere to triangles. 
The report deals with each of these defects. 

H. L Bowman - illustrates a form of crucible tongs which he has 
used for some years for handling crucibles, in analytical work. The 
tongs are made of stout wire coiled into a spring at the middle, 
and bent up at the ends to form two semi-circular jaws, which lie in 
a plane of 45° to the plane of the legs. They are about 6i inches in 
length, and may be made of bright iron wire of about 0 09 inch in 
thickness or of the bronzed wire used for sofa-springs. The springi¬ 
ness of the legs enables a platinum or porcelain crucible (with its lid 
on) to be grasped firmly without fear of damage, while the oblique 
position of the jaws per mits it to be readily lowered into a desiccator 
or inserted through the door of a balance-case. 

A description has appeared* of the equipment of the Harrison- 
Hughes Engineering Laboratories of the Liverpool University. 


U.—TRON ORES ANI) SLAGS. 

Sampling Of Ores — It is by no means easy to obtain thoroughly 
representative samples of ores for chemical analysis from large amount* 
of raw material. W. Schafer* draws attention to this in connection 
with the analysis of iron ores where, in the case of a 10,000-ton order 
the difference of 1 per cent, of iron may raise or lower the value of 
the load by £200. Generally speaking it is easier correctly to 
sample a roughly-powdered ore than one occurring in large lumps 
In sampling, not less than 2 lbs. of ore should be taken per ton, and 
the sumpling may conveniently be done whilst the ore is being un¬ 
loaded. If the ore is a mixture of large, small, and verysmall 
pieces a rough estimate of the relative proportions may be made 
and a proportionate weight of sample of each kind taken, mixed 
together, and analysed. 

1 Metallurgical and Chemical Engineering. vol. i*_ pn. 649-651 

* Chemical AVuu, vol. cv. pi 189. 

* Engineer, vol. criii. pp. 516. 533-535. 

* Stahl and Eiien, voi. uru. pp. 53-55. 
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Estimation of Iron. -A. Weneelius 1 gives a modification of 
Reinhardt's method for the titration of iron by potassium perman¬ 
ganate, which is specially suitable for use with ores of the minette 
typo. Anomalies occur in using this method owing to the perman¬ 
ganate solution being standardised with puro solutions, whereas it 
Should be standardised with a solution resembling that with which 
it is intended to be used. The modification consists, therefore, in 
preparing a sample of minette ore for the purpose of standardisation. 

Estimation of Carbon in Ferro Chromium —F. Gercke* and 
N. 1’atiukoff describe a rapid method of estimating carbon in ferro- 
chromium. The ferro-chromium is reduced to n fine powder in an 
agate mortar and 0’2 gramme taken and mixed with al>out 2 grammes 
of sodium peroxide in a porcelain crucible of 20 cubic centimetres 
capacity. This is then placed inside a larger iron or nickel crucible, 
which rests on a perforated asbestos plate, and is heated over a Bunsen 
tl&ine for about ten minutes until dark red in colour. The mixture 
melts qnietly without spluttering, but if other proportions of ferro- 
chromiuin and peroxide are taken the reaction is often violently 
plosive. The mixture is then cooled in a desiccator, and the porcelain 
crucible is introduced into a wide-mouthed flask fitted with a double 
bored rubber stopper, carrying two glass tubes, one of which reaches 
almost to the bottom of the flask, whilst the other merely pierce.- 
through the stopper. Tlio short tube is connected to a soda-lime tube, 
and hot distilled water is added through the long tube to dissolve out 
the contents of the crucible. The flask is raised to boiling to decompose 
the sodium peroxide. The short tube is now connected with a drying 
tube containing sulphuric acid and a weighed soda-lime tube. Air 
free from carbon dioxide is aspirated through the long tube into the 
flask, and oat through the short tube and its connections. Sulphuric 
acid (1 :1) is now added to the flask, drop by drop, by a funnel attach¬ 
ment to the long tube, and the evolved carbon dioxide passes with the 
aspirated air into, and is absorbed by, the weighed soda-lime tube. 
A blank experiment must t>e done in a similar manner with the 
sodium peroxide alone. 

Separation of Iron and Manganese —J. A. Sanchez. 3 gives the 
following method for the quantitative separation of iron from man¬ 
ganese : Pyridine is added to a slightly acid solution of the feme 
and manganous salts until no further precipitation takes place, the 
mixture being then boiled for ten minutes and filtered. The pre¬ 
cipitated ferric hydroxide is washed with a hot saturated aqueous 
solution of pyridine and then with boiling water. Precipitation of 
the iron is complete, whilst all the manganese remains in solution. 
With relatively large quantities of manganese, howovrr, it is advis- 

* liuttetin dr la Sari/// it t/nduitrir dr t £rt. No. 87. p. 14. 

* Stall and Eiun, vol. mii. pp, Cl'J tl" 

» bulletin Jr la Saci/ti Ckimiftu dr /•'rnmet, rot. is. pp. 880-881. 
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»blo to dissolve the precipitate in hydrochloric acid and re-precipitate. 
. letols precipitated by hydrogen sulphide from acid solutions should 
preferably be first removed. If rinc be present the feiric hydroxide 
must be dissolved and re-precipitated with ammonium chloride and 

ammonia. 


Estimation of Manganese —In discussing the bismuthate 
methtxl for the determination of manganese, I). J. Deinorest 1 states 
that if the permanganic acid solution obtained by the oxidation with 
bismuthate be titrated directly with sodium arsenite solution, auv 
chromic or vanodic acid which may be present has no influence on the 
results. 

P. H. M.-P. Brintou ! states that the factor 0 16397 represente the 
ratio 5NXC.O,: 2Mn, and not 0 16024 as given in his previous 
article. Ibis mistake does not influence the correctness of the 
empirical factor 0 1656 suggested by the author, although it 
diminishes the necessity for its employment, neither does it affect 
tho analytical results described in the previous communication. 

P. Slawik 3 describes a method for the rapid determination of 
manganese in ferro-tungsten. A gramme of the powdered alloy is 
tused in a porcelain crucible with 10 grammes of sodium dioxide, 
finally being kept at red heat for a few minutes. The fusion is 
dissolved in water, acidified with hydrochloric acid in large excess, 
and the solution boiled for twenty minutes. A slight excess of rinc 
oxide is added, and the manganese titrated with potassium perman- 
ganate by the \ oil hard method. No injurious substance* are extracted 
from the porcelain crucibles, which last for three to five fusions. 

? r ~P aratl0n I 1-00 Manganese Arsenides, S. Hilpert « 

and i Iheckmaun describe iron and manganese arsenides and the 
method of their preparation. 


Estimation of Silica. —F. Moldenhauer' states that in ordei to 
obtain accurate estimations of silica in iron ores it is advisable to use 
platinum dishes, as it is often impossible to remove the silica, rendered 
insoluble by evaporation, from porcelain basins. 


Estimation of Sulphur —0. Davis* and J. L. Foucar describo a 
method devised by the former for the rapid estimation of free sulphur 
in spent oxide, which comprises the treatment of finely powdered aud 
dries] material with a solution of sodium cyanide in absolute alcohol, 
the resulting sulphncyanide being titrated in the usual way. The 

* ^ Enj!i " nri ** Cktmuiry. to !, hr. p. IB. 

* Ckrmiirr Z.titung, vol. xut ! p. 106 . 

* Btruku. vol. silr. pp. ‘JST8-2383. 

* S.ntukrift fmr amtlytiuht Ckrmit, vol. I. pp. 7M ?W. 

Journal of the Society tsf Chemical Industry , rol. xxxi. p» luU. 
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results obtained are quite sufficiently accurate for commercial pur¬ 
poses. 

A. Heciko 1 gives details of experiments carried out in order to 
compare the methods of Donnatedt and Lunge for the determination 
of sulphur in pyrites. 

Estimation Of Calcium Oxide —A rapid method for the estinm- 
tion of calcium oxido is given by L. W. Bohney. 8 0*6 gramme of the 
finely ground sample is well shaken in an Erlenmeyer flask with 50 
cubic centimetres of distilled wnter, 2 drops of phenolphthnlein added, 
and the mixture titrated with standard oxalic solution until the vivid 
pink colour disappears. If a complete titration is allowed to stand 
for fifteen to thirty minutes, the pink colour will return and show as 
brightly as possible. The reading of the burette is in percentages of 
calcium oxide. The solutions necessary are: oxalic acid, 14*6068 
grammes per litre; phenolphthalein, 0'5 gramme dissolved in 50 cubic 
centimetres of alcohol and 50 cubic centimetres of water. 

Ferro-Boron. — It. S. Davis * describes a method for the analysis 
of ferro-boi-on. 

Analysis of Titaniferous Iron Ores.— W. Manchot 4 and B. 
Heffner have examined two specimens of titaniferous iron ores—(I) 
a coarse ore from Ekersund, and (II) a large crystal of ilmenite from 
Ural, with a view to ascertaining whether such ores have the consti¬ 
tution FeO, TiOj or Fe,0 lt TuO a . The titanium is estimated l>y 
fusion with potassium hydrogen sulphate, reduction of the iron with 
sulphurous acid, and precipitation of titanic acid by boiling. The 
total iron is estimated in a solution reduced by sulphurous acid, and 
the ferric iron iodometrically in a solution prepared by means of 
hydrochloric acid iu absence of air : — 




•n. 

Total Ft 

Ft" 

Mf. 

Cm. 

S. 

L 


. 1612 

44*50 

22*76 

066 

0*25 

0*28 

!L 

• 

. 2981 

34*71 

9*38 



068 


The ratio Ti: Fe" : Fe” is. for I.. 1: 1U47 :1*123, and for II.. 1:0*7312:02706. 

The ferric iron in II. is probably due to secondary oxidation, and 
the ratio TiOj: FeO thus approaches 1 : l in both cases. Although it 
has been shown that compounds containing trivalent titanium evolve 
hydrogen with alkalis, hydrogen is not evolved by the action of alkalis 
on ilmenite. The reaction of ilmenite with sulphuric acid is also 
quite similar to that of a mixture of titanic acid and a ferrous salt. 
The conclusion is drawn that titaniferous iron ores contain only 
titanium dioxide, and not titanious compounds. 

1 Z.eitcchrift fur analrtitchc Chctnie, voL I. pp. 748-763. 

* Built tin of tkt American Institute </ Mining Engineers, 1911. pp. 895-899. 

’ Metallurgical and Chemical Engineering, rot. ix. p. 458-459. 

• Zeits thrift fur ancrganiicke C hemic, to!. Ixxir. pp. 79-85. 
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Estimation Of Titanium.— A. Gautier 1 gives a calorimetric 
method for the estimation of titanium in clayey ores. The process is 
based on the property possessed by hydrogen peroxide of imparting 
an orange-red tint to a solution of titanic oxide in a sulphuric acid 
solution, the depth of colotir being proportional to the amount of 
oxide present. As the colour fades the standard should be prepared 
freshly once a week. A more constant standard may be obtained by 
the use of a 2 per cent, solution of helianthine dissolved in cold 
wnter. 

Estimation of Tungsten —W. Trautmann * states that for the 
estimation of tungsten in wolframite in the presence of mulybdenite, 
1 gramme of finely powdered ore is gently roasted in a platinum 
crucible until tile odour of sulphur dioxide has disappeared. The 
mass is then extracted three or four times with warm dilute ammonia, 
which dissolves the molybdeuum trioxide formed. The filter, after 
being washed with solution of ammonium nitrate, is replaced in the 
crucible, and the whole is again ignited. The residue is then sub¬ 
mitted to the ordinary fusion with sodium hydroxide, which should be 
carried out in a nickel crucible. 

Estimation of Vanadium. —I). J. Demorest* describes a new 
method for the estimation of vanadium. 


ML—ANALYSIS OF FUEL. 

Sampling Coal, Coke, and Tar.— An account is given * of the 
best methods of obtaining representative samples of coal, coke, and 
Ur for analytical purposes. In sampling Ur in cisterns care must be 
taken to remove portions from various depths, as the general com¬ 
position and water-content of the tar varies at different levels. For 
this purpose a movable tube, 5 to 10 centimetres in diameter, is 
recommended. 

Sampling of Coal. —An illustrated description is given 5 of a 
mechanical laboratory cool sampler used by the Philadelphia and 
Heading Coal and Iron Company. 

In a memorandum to the Manchester Steam Users' Association 
C. E. Stromoyer* deals with the sampling of coal. 

In order to avoid the mechanical loss which takes place in the 

1 Rent Hndrmlt de CMimit pure ft appliqnfe, vol. rir. pp. 14-Jfi. 

* Zrihtkrift fUr angmandlt Cktmu, vol. jutiv. pp, 2U2-2H3. 

* Journal of /ndnjinai and Engineering Citmiitrj, vul. iv. pp. •.*111-251) 

* StaJH and Etien, toL mi p. 1560. 

* .Vine i and Vinerah, rat. mii p. IX). 

* Practical Engineer, vol. xlir. pp. 781-783. 
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determination of volatile matter in ooala, especially in lignite and 
Illinois coals, S. \V. Parr* recommends that tlie sample of coal (1 
gramme) should be saturated with 10 to 15 drops of kerosene. 

A . Meurice - deals with sampling and the determination of humidity, 
ash, volatile matter, and sulphur in coke and gas coal. 

J. Lomax * discusses the microscopical examination of coal and its 
use in determining the inflammable constituents present. 

Determination of Sulphur in Petroleums. —J. M. fenders* 

considers that the Mulder or Hempel calorimetric bomb method for 
• estimating the total sulphur in petroleums, although trustworthy, is 
somewhat lengthy, and he describes a method by which a large 
sample may be coucentrated by treatment with fuming nitric acid 
and potassium bromide, the product being absorbed by magnesium 
oxide, which enables it to be readily removed from the concentrating 
dish and burnt in the Parr apparatus with sodium peroxide. Several 
samples may be treated simultaneously, the. final combustion taking 
about forty-five seconds. 

D. Lohmann 4 describes a method for the determination of sulphur 
in petroleum. 


Vf.—ANALYSIS OF GAS. 


Analysis of Oases in Ironworks Practice. —H. Naegell* dis¬ 
cusses, in a theoretical manner, the methods of calculating and ex¬ 
pressing the quantitative analysis of gaseous mixtures such as are 
dealt with in blast-furnace aud foundry practice. 

Apparatus for Analysis of Furnace Gases.— J. C. W. Frazer 7 
and E. J. Hoffmann describe apparatus and methods for the sampling 
and analysis of furnace gases. 


Estimation of Carbon Monoxide. —L. A. Levy 8 gives the 
fallowing method for the estimation of carbon monoxide, which is 
based on Gautier s anhydride method. The gaseous mixture is drawn 
by means of an aspirator through a solution of bromine in potassium 
bromide to fix unsnturated hydrocarbons, and thun through aqueous 
potassium hydroxide (1:1) to remove bromine vapours, and also any 
carbon dioxide. After removing aqueous vapours by passing the ga* 


i Journal of Ininitriat and Bnginttring Ckemiitry, vol. iii. pp. 900-902. 

3 Anna.rt dtj Mint! it Bttgtyut, vol. ivi. pp. 555-677. 

> Papa ivsul before the North Staffordshire institute of Mi nine and Mechanical 

nmfuN»n( Innnarv ‘Hi till** 


Engineers, January 29. 1912 

• Prwtciingi of Hu Cktmual Swift?, vol. XJtvil. pp. 329 330 

• Citmiitr /fitting, vol. JOT. pp. 1119-1120. 

• Stail nnd Biun . vol mid. pp. 617 018. 

3 Unitti Starts Burma of Minti. BuUttin No. 12. pp 3-22. 

• Journal of tit Socuty tfCktmital fniuitrt. vol. txx. pp. 1 


pp. 1137-1440. 
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over phosphoric oxide, the carbon monoxide is oxidised to rarlon 
dioxide by passing it through a P-tube filled with a mixture of 
asbestos and iodic anhydride, and heated in an air-Imt.h nt 160° to 
180°; to the U-tube is sealed another one filled with copper turnings, 
which completely absorb the iodine liberated. The carbon dioxide is 
now absorbed, in a specially constructed apparatus resembling a 
Winkler coil, in a known volume of standard solution of burium 
hydroxide coloured with phenolphthalein, and the operation is con¬ 
tinued until the liquid is decolourised ; a simple calculation then gives 
t.ba carbon monoxide. \\ hen the amount of carbon monoxide is but 
very small, the excess of baryta may be titrated with oxalic ucid after 
a certain volume of tho gas lias passed through without waiting for 
decolonisation. 

Estimation of Carbon Dioxide in Smoke- —An apparatus is 
illustrated and described 1 by means of which carbon dioxide may 
readily be estimated in smoke and furnace gases. 

Nomenclature of the Oxides of Carbon C. Hering* advocates 
the abandonment of the terms cartamic oxide and acid, and points out 
that the consistent applications of the terminations -out and -i> would 
necessitate the lower or monoxide of carbon, CO, being, for con¬ 
sistency's sake, called carbonous oxide, and the higher or dioxide CO a , 
carbonic^ oxide. The use of the term carbonic oxide for the lower 
oxide is indefensible, and there should be no objection to using the 
term carbonous oxide for CO, as there should be no confusion, and 
the nomenclature would then be consistent with that used for other 
elements. 

Analysis of Mine Gas- -G. A. Burrell 3 gives the reunite of 
analyses of a number of samples of mine gases collected under 
different conditions, that is, after filing explosives, after fires, and 
after explosions. In most cases they show the presence of injurious 
amounts of carbon mouoxide. 

Atomic Weight of Nitrogen —E. Wourtrel* state* that five 
experiments have given for the atomic weight of nitrogen the values 
14 005,14 008, 14 006, 14 007, 14 008; mean 14 007. The method 
employed involved determination of tho weight of oxygen necessary 
to convert a known weight of nitric oxide into nitric peroxide. A 17- 
tube containing cooled liquid nitric peroxide as a solvent was weighed, 
and a definite weight of nitric oxide passed in. Pure dry oxvgen 
was then introduced, and the increase in weight determined, after 
removing excess of oxygen by evacuating the apparatus at the 
temperature of liquid air. 

i Stakl und Eiun. voL xxxii. p. 2-tfi. 

* .Metallurgical and Chemical Engineering, to!, ix. p. 026. 

* Journalef Industrial and Engineering I'ktmilire, toL it. pp. 0R -100 

* Comf Us Kendui, vot. diT. pp. 115-116. P 
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L — UNITED KINGDOM. 

Mineral Statistics- —The production of iron ore in 1911, *P“ rt 
from that obtained in quarries, wu 9,710,693 tons, of which 
7,886,898 tons were mined under the Coal Mines Act, and 1,823,796 
under the Metalliferous Mines Act. The output of coal in 1911 was 
271,878,924, as against 2C4,417,588 tons in 1910, showing an in 
crease of 7,461,336 tons. The output of other minerals included 
4987 ton* of manganese ore, 2,482,846 tons of fireclay, 17,149 tons of 
limestone, 3,116,803 tons of oil shale, 6007 tons of bauxite, and 260 
tons of tungsten ore. The number of persons employed at mines 
under the Coal Mines Act wo* 1,067,213, an increase of 17,800. 1 

Iron Trade Statistics. — According to the British Iron Trade 
Association, 5 the producdou of pig iron in Great Britain in 1911 was 
9,718,638 tons, a* compared with 10,216,745 tons in 1910 and 
9,664,287 tons in 1909. 

The total amount of steel produced in 1911 amounted to 6,461,612 
tons. The following table shows the figures of output for Bessemer 

i Uitta amt Qumrriti . Gtmeral JCrtort and Statirtui far lull. (Advance proof.) 

* trait Cent TroJn Sr. tru, tot laniv. pp. 771, 7'JU. 
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and open-hearth steel ingots, distinguishing basic and acid, for the 
years 1885 to 1911:— 



Acid. 

Bessemer 

Open- 

H-sorth. 

Year. 

Too*. 

Too*. 

1885 



1886 



1887 



1888 



1889 

1,719.292 

1.357,461 

1890 

1.613.730 

1.462.913 

1891 

1.3-8,229 

1.414.-1521 

1892 

1.268,000 

1,310.774 

1893 

1.280.992 

1.377 664 

1994 

1,130,611 

1.47-.787 

1885 

1,093,675 

1,564.9*18 

1996 

1.357,5802.145.268 

1897 

1,374.339 2,393.918 

1898 

1,253.252 MJW.512* 

1899 

1,307.696 2.735.563' 

1900 

1.254,903 2.8-12.566] 

1901 

1.115,943 2.946,614 

1902 

1.157.380 2.070,508 

1903 

1.316.915 2.613.274 

1904 

1.129.224 

2.583.282 

19S 

1,396,2333.042.834 

1906 

1,307.149 3.378.891 

1907 

1.240.315 3.384.780 

1908 

90-5.466 2.578.84 - 

1909 

1.111.012 

2,763.158 

191- 

1.138. l-« 3,016.830 

1911 

887.7*173.131.118 


Baiic. 


Hearth. 


Tons. Tonv 


Total 

Acid. 


Total | Total 
liuic. Bessemer, 


Ton*. Too*. 
734, IKC 145.707 
007.037: 258,46*1 


421,211 

402.133 
335,770 
2118.783 
262.382 
31)5,753 
441.560 
457.288 
500.810 

504.134 

517.378 
491.107 
490,268 
«*.,» n 
503,103 
01-2.309 
577.977 
600.189 
578.944 
572.073 
622,178 
641.012 

573.378 


n.Twft 

101.287(3 
100,486 2 
108,0562, 
78,6452 
104.531 2 
159.869 2, 
172.2873, 
308,0883 
216.088 3 
294,088 4 
293 481 4 
351,177 4 
406,780 3, 
510,8493 
662.0643 
795,238 4 
1.176 0451 
1.278.709 4 
1.238,2633 
1,385.250 3 
1.678,536 4 
1 889.354 


.682.003' 

.898.143; 

076.7531 

,075.643] 

.720.281 

,512.774 

.008.656 

,610.398 

.058.543 

,508.848 

,768.257 

845.764 

,613,250 

.116.469 

492.599 


Tans. 


364.526 
408,594 
493.919 
503.120 
436.362 
406,839 
341.007 

5)84.284 
601.419] 
629.549' 
717.9-44 
720.026 
812.066 
784.585 
841,447- 


Total 

Open- 

Hearth. 


Tons. 


,833.888 1,075,179 
,930,1891,103,912 
,712.506 1.314.373: 
.439.067 1.373,215] 
14)85.840 1.776.434 
1.H65.-9.M .857 633 
485,306 1,810.336 
.,874.2012.007.429 
1,154.9312,219 549 
1.018,8863,442,727 


2.141,603 

2.014.803 

14-42.005 1. 

1.500.78311. 

1.523.3541. 

1,535,3641. 

1.535325(1 

1,814.8422, 

1.884.155 2, 

1.7M-.38-12 

12425.074 3 

1,745.0043 

1.006.2533 

1.825,779:3 

1.910,0183 

1.781.6333 

1.974.2103 

1,907.3384 

1,859.2564 

1,478.5393 

1.733,2204 

1.779,1154 

1.461.14--;5 


429.169 

,564.21*1 

514.538 

418.330 

,456.309 

575,318 

724.737 

317.555 

602,006 

S-6.600 

,030.251 

156.060 

297.791 

,083.288 

,124.083 

245.340 

.838.072 

.554.936 

.663,489 

917.103 

.148,408 

.7*5.3*56 

.0-0,472 


The production of Bessemer steel rails (including sleepers and fish¬ 
plates) in the United Kingdom in 1911 was 583,490 tous, as com¬ 
pared with 711,915 tons in 1910. The output of Bessemer finished 
and semi-finished products in 1911 wits as follows:— 

Tan*. 

Blooms, hfllcts. and slabs .... 143,151 

Steel and tinplate bars.316.891 

Sleepers and fishplates. . • 6o,9U!i 

The total output of manufactured open-hearth steel in 1911 
amounted to 4,480,450 tons, as compared with 4,089,668 tons in 
1910. The production of open-hearth steel rails in 1911 was 253,035 
tons. 

The production of puddled iron in the United Kingdom in 1911 
was 1,191,499 tons, being an increase of 72,606 tons on the output 
of 1910. Tbe amount of mild steel produced in 1911 was 906,957 
tons, while the prodnetion of fiuish«l iron amounted to 1,097,250 
tons. 
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II .—A USTRALJSIA. 

Mineral Statistics of New South Wales. —The coal output of 
New South Wales in 1911 amounted to 8,691,604 tone, as against 
8,173,508 tons in 1910. The output of coke in 1911 was 264,687 
tons. There was also produced 283 tons of tungsten. 1 


Iron Trade Statistics of New South Wales.— The production 
of iron and steel, made from ores mined in the State during 1911, 
was as follows *:— 


Too,. 

Pig iron. 24.058 

Puddled bar-iron.1.789 

Steel.2.6S8 


Mineral Statistics of Western Australia. — -The production of 
coal*in Western Australia in 1910 amounted to 262,166 tons, being 
the record output to date. 


HI —A USTRIA-HTJNGA R Y. 

Mineral Statistics. —During the year 1911 the output of coal in 
Austria * amounted to 14,861,314 tons’ as against 13,773,985 tons in 
1910. Of the total the Ostrau-Karwin district contributed over one 
half. The manufacture of coal briquettes amounted to 138,838 tons 
in 1911, and the moke of coke was 2,076,978 tons. The output of 
lignite last year totalled 25,255,429 tons, or 122,000 tons more than in 
1910. 1 lie manufacture of lignite briquettes showed an increase, 
being 208,759 tons, as against 186,146 tons in 1910. 


Min eral Statistics of Hungary —The production of lignite in 
Hungary during 1910* was 7,734,166 tons, the production of bituminous 
roal during that year having been 1,302,103 tons. The production of 
iron ore in the same period was 1,905,749 tons, and 13,270 tons of 
manganese ore were also produce.!. The bulk of the lignite was 
obtained from the Zsil Valley and the bulk of the coal from Ptes. 
The number of workmen employed in the mining industry in Hungary 
in 1910 was 75,674. 6 3 


t Wtla ' r *t [ ' lrtm,nt •/ Mints. Annnal Refort for 1911. 

\ n T'" ■ I'"?-*- Mines. Reforttie Year 191(1. 

Oaterreuniuke Znttcknft . rol. I*, p. <M ; Iron and Coal Trades Review. voL lx«i»- 

P» lww. 

_ * Annuaire Statssti^m fane r Annie 1910. Published by the Central Bureau of 
Statistics for the Kingdom of liungiuy. Budapest, 1911. " 
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Iron Trade Statistics. — Recently available figures relating to 
the production of pig iron in Austria-Hungary in 1910* show that 
during the year there were produced 1,967,000 tons. The exports 
amounted to 21,000 tons and the imports 102,000 tons, while the home 
consumption was 2,048,000 tons. Of the production in 1910, Austria 
contributed 1,475,000 tons, comprising 1,216,000 tons of Bessemer 
and forge pig, and 259,000 tons of foundry pig, while Hungary con¬ 
tributed 492,000 tons, comprising 477,000 tons of Bessemer and forge 
pig. and 15,000 tons of foundry pig. 

The output of semi-manufactured iron and steel in 1911 in Austria, 
Hungary, and Bosnia (including Herzegovina) * totalled 2,435,757 tons, 
comprising 2,348,294 tons of various descriptions of steel ingots and 
castings, and 87,463 tons of puddled iron and steel. Details of the 
production are as follows:— 

StttJ Ingots and Casting]. 

Tons. 

Bessemer ingots and castings j ^ ^ 

Oftn-ktartk Ingots and Castings. 


Acid and basic ...... t,979.902 

Crucible Meel . 17.467 

Electric steel . . 22,867 


Total.2.318,294 


Pnddltd Iron and Stetl. 

Tons. 

Puddled steel (not included in inguts) . . 14,714 

Puddled iron. 72,749 


Total. 87.463 

The output of the works of the Austro-Hungarian Iron and Steel 
Syndicate 3 during the year 1911 was as follows :— 


1011. 

Tons. 

Bara and shades.414.000 

Joists . 159,500 

Plates und shorts . 46,800 

Rails . 67,800 


Total 


688.100 


I V.—BELGIUM. 

Mineral Statistics- —The output of coal in Belgium during the 
year 1911 4 amounted to 23,125,140 tons, being 792,000 tons short of 
the production in 1910. 

1 Iron and Coal Trades Review, voL lxxxiv. p, 767- 

* Comite dei Forges Je Frame, Bulletin No. ; Iron and Coal Trades Review, 
voL 1 xx xiv. p. 614. 

3 Inm and Coal Trades Review, voL Ixxxir. p. S4T«. 

* Comite des Forges de France , Bulletin No. 3113; Iron and Coal Trades Review, 

voL Ixsxiv. p. 243. 
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Iron Trade Statistics —Tl»e production of pip iron i« 
during 1911 1 amounted to 2,106,120 tons, of which 1,964,100 ton* 
were boric and Bessemer, 90,950 tons forge, and 51,070 tons foundry. 
Of the furnaces existing at the end of 1911 there were 44 in blast, as 
compared with 39 at the end of 1910, and 0 out of blast. 

The production of steel in Belgium* during 1910 amounted to 
1,944,820 tons, and comprised the following :— 

Tons. 

St«l carting*. J5H3K 

IlcssemCT. 

Open-hearth.136.660 

The following table shows the production of finished steel in 1911 : 



Ton*. 

Merchant shape* . . 

. 324..WI 

Steel sections .... 

114.M6U 

Rail* and steeper* 

847-890 

Shaft* and .tales 

31.860 

Girder*. 

188,000 

Wire rods. Ac. 

121,200 

Thick sheet* .... 

45,060 

Steel stamping* .... 

1.690 

Total . 

. 1.186.740 


V. — CANADA. 

Mineral Statistics. —According to preliminary statistics prepared 
by J. McLeish* the total production of coal in Canada in 1911 
amounted to 11,291,553 short tons. 

The total production of oven coke in 1911 was 847,402 tons, as 
compared with 902,715 tons in 1910. 

A further falling off is shown iu the output of petroleum, the pro¬ 
duction in 1911 being 291,092 harrels os compared with 315,895 
barrels in 1910. 

Mineral Statistics of British Columbia —According to the 
preliminary review and estimate of the mineral production of British 
Columbia in 1911, compiled by W. F. Robertson, 4 the output of cool 
was 2,435,000 tons, as against 2,800,046 tons in 1910. The make of 
coke was 77,500 tons in 1911, as compared with 218,029 ton* in 1910. 

Iron Trade Statistics —j. McLeish 1 further reports that the 
total production of pig iron in Canada in 1911 was 917,535 short, tons. 
Of the total, 20,758 tons were made with charoo&l as fuel and 896,777 
tons with coke. The classification of the production in 1911 was as 

* Monitenr del Int/rfti Mat/rieli: Iron and Coal Tradei Review. voL Ixxxiv. p. I® 

* Anno In det Minn de tttlgifut, voL xri. No. I. Table No 8. 

* Canada, Deportment of Mina, Minn Branch. Ottawa, 1912, Report No. 180. 

* Iron and Coal Trader Review. vol. laniv. p. 419. 

* Canada. Department of Mlnet, Minti Branch. Ottawa, 1912. Report No. 180- 
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follows: Bessemer, 208,626 tons; basic, 464,220 tons; foundry and 
miscellaneous, 244,686 tons. 

Tlie production of steel ingots and castings in 1911 was approxi¬ 
mately as follows:— 

J Too*. 


Steel ingots—Open-hearth (basic) 
„ Bevtemer (add) 

Castings—Open-hearth . . 

Other sterls ..... 


. 051.676 
*».817 
. 13.983 

. 740 


Total. 870,215 

From statistics collected by the American Iron and Steel Associa¬ 
tion * it appears tliat the production of all kinds of pig iron in Canada 
in 15)11 amounted to 824,343 tons, agstinst 740,210 tons in 1910, an 
increase of 84,133 tons, or over 113 percent. The production in 
1911 was much the largest in the history of the Dominion. Of the 
total production in 19l 1, 799,716 tons were made with coke, and 
24,629 tons with charcoal, coke, and by electricity, Ac. In tbe following 
table the production of pig iron in Canada in the last eighteen years 
is given. Spiegel eisen and ferro-manganese are included. For all 
these years the statistics given have been compiled by the American 
Iron and Steel Association. 


Year. 


Ton*. 

Year. 

Tons. 

1894 . 


. 44.791 

1903 . 

. 265,418 

1895 . 


. 37,829 

1904 . 

. 270,!M2 

1896 . 


. 60.030 

1906 . 

. 468,003 

1897 . 


. 63.790 

1906 . 

. 541,967 

1838 . 


. 68.755 

19«7 . 

. 581,146 

1899 . 


. 94.077 

1908 . 

. 563.672 

1900 . 


. 86.090 

1909 . 

. 677.090 

1901 . 


. 844.976 

1910 . 

. 740.210 

1903 . 


. 319,567 

1911 . 

. 824,345 


Of tbe total in 1911 the production of liosic pig iron amounted to 
413,303 tons, and the production of Bessemer pig iron to 186,274 
tons; the remaining 224,768 tons being chiefly foundry iron. On 
December 31, 1911, Canada hod eighteen completed blast-furnaces, of 
wliich twelve were in blast ami six idle. Of tbe furnaces-in blast, 
one was operating on charcoal. Of the eighteen farnuees in existence 
fourteen usually use coke for fuel and four use charcoal. In addition 
two coke furnaces were being built on December 31. In 1911 the 
Canadian furnaces consumed 1,565,877 tons of iron ore and 41,427 
tons of mill cinder, scale, and turnings. The average consumption of 
iron ore, mill cinder, and scale in 1911 per ton of pig iron made was 
1'94 tons. • 


VI. — CHINA. 

Iron Trade Statistics.— G. E. Anderson* gives particulars re- 
Luting to the production of iron and »teel in Chinn in 1910. The 

> KulUtxn of Hu Amtritcn Inn and Sunl Aatciatim. vol. »WL pp. 18. 37. 

* Ibid., p. 4. 
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only modem steelworks in China which produce iron mid steel upon a 
commercinl lm.-is, are the Hanyang Iron and Steelworks, near Hankow. 
This plant produced in 1910. 130,000 tons of pig iron and 33,248 tons 
of steel rails and fastenings. Of the pig iron made in 1910, 14,034 
tons were shipped to Shanghai and other points, 29,167 tons to 
Japan, and 15,100 tons to the United States. 


YU.— FRANCE. 

Mineral Statistics. —The output of coal and anthracite in Prance ’ 
in 1911 amounted to 38,643,561 tons, and the production of lignite 
was 706,480 tons. 

The production of iron ore in France in 1910 amounted to 
14,046,982 tons.* 

Iron Ore in French and German Lorraine.—A. Guillain * deals 
with the production and consumption of iron ore in German and 
French Lorraine. The oolitic iron ore deposits, usually known as 
minette, occupy the west of the Moselle, the largest area being in 
France. The ore is specially suitable for the manufacture of steel 
by a basic Bessemer process. This process, although invented U) 
England, is even more suitable for the treatment, of the minette ore* 
of Lorraine than for the Cleveland ore, for which it was originally 
designed. The importance of the deposits is shown by the fact that 
in 1910 German Lorraine produced 2,687,000 tons of pig iron; 
Mourthe et Moselle, 2,773,000 tons; Luxemburg, 1,682,000 tons; 
the Snrre district, 1,198,000 tons; Belgium, 1,803,000 tons; and 
Westphalia, 6,515,000 tons. The pig iron produced in German 
Lorraine, in the Meurt.be et Moselle district, and in Luxemburg is 
made wholly from minette. Except for a small proportion, which i* 
made from Spanish ores, the Belgian production is also chiefly from 
the minette ores; while in Westphalia. 67 per cent, of the output 
is basic pig made from minette ores. Prospects of fresh develop¬ 
ments of the iron ore resources of the district are exceedingly 
promising. This specially applies to the ores of Briey, wliich are 
richer in iron and in calcium than the ores of German Lorraine and 
Luxemburg. 

The quantities of ore available have been variously estimated from 
time to time. Twenty years ago it was believed that the German area 
was richest; the recent researches have, however, demonstrated that 
the contrary is the case. 

» r*m it* in Fargtr it Frame, Bulletin No. 3093; level etui CmI Train Rr.irv, 
rob lxxnv. p. 375. 

* Cemit/in Forfei it Fra nee. Bulletin No, Sill. 

» Revue it MitolUrgu. At/mvim, »ot viii. pp. 748-786. 
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Kohlm&nn gives the following figures for the Meurthe et Moselle 
district:— 


Nancy 

Longtary 

Briey 

Crutnes 


Millions of Tons. 
300 
300 
. 3000 

. 600 


Total. 8300 


This relates to the siliceous ores of the areas named. For German 
Lorraine the following valuations have been made :— 


Kohlmann's Estimate*. 



Calcareous. 

Siliceous. 

North of Fentsch (Aumeti Anweiler) 

Between Orne and Fenuch .... 

South of Orne. 

Millions of Tons. 
868 

3S5 

180 

Millions of Tons. 
353 

iso 

Totals ..... 

1438 

413 


This gives a rough average of 1840 millions. On the other hand, the 
Duisburg Chamber of Commerce compiled the following estimate:— 

Millions of Tons. 


Calcareous ore.1600 

Siliceous ore ...... . 1400 

Lean ore.380 


Total.3j») 

These figures are, however, exaggerated. Bailly estimated the avail¬ 
able ores of the German Lorraine region as 1100 millions. According 
to Tille the percentage of iron in the German ore has fallen somewhat 
dnring recent years, the impoverishments amounting to ubout 4 |H*r 
cent. The French ore, when smelted in the blast-furnace, gives a 
yield of about 6 per cent, higher than that of the German ore; its 
average iron contents is 3 per cent, higher. On the other hand, other 
estimates seem to show that the French ores average from about 5 to 
8 per cent, higher in iron, and could therefore be advantageously sub¬ 
stituted for those of Germany and Luxemburg. 

The concessions in German territory are naturally taken up by the 
large ironmasters; the Wendelx cover a quarter of the whole area. 
The Stumm group- have also acquired important concessions, but more 
widely scattered than those of the Wcndels. A table is given showing 
the distribution of the region amongst the most important conces¬ 
sionaries, with esti unites of the available resources of each concession. 
The French mining low has rendered it possible for the concessionaries 
in French Lorraine to acquire ore areas on more advantageous terms, 

1912.—L 28 
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but a good many of tho French beds are also held by German and 
Belgian companies. Indeed it may bo said that the works of south¬ 
western Germany and of Luxemburg have predominating interests m 

French Lorraine. . ,. 

Details are given as to the cost of mining, and comparative tame- 
have been compiled, showing the wages jmid for labour in the different 
districts. A table is also given showing the production of nunette for 
every year since 1871. Tho output has steadily increased, and the 
figures compiled for the first half of 1911 show that the increase is 
being maintained. According to Kohlmann, the tendency to export 
minette ores from French Lorraine to Germany will increase steadily 
owing to the higher quality of the ores in French Lorraine, and in 
particular of those of the Briey district. Estimates are made of the 
futuro production of ore and the future requirements of this region, 
and comparisons instituted lietweeu the ore industry of the minette 
region and that of Sweden. 

Mineral Statistics of Algeria. -Dussert i gives the following 
statistics relating to the iron ore production of Algeria. Tho nroouut 
produced during the year 1910 amounted to 1,104,909 tons, of which 
859,533 tons were obtained from open quarries and 245,374 tons from 
mines. The following table gives the production for each year, com¬ 
mencing with 1905: — 

Year. Tons. 


11X0 . 





. 682.055 

1906 . 






15KJT 





. 903.022 

1908 . 




# 

. '.*49,556 

1900 . 





924.836 

1910 . 







The bulk of the ore is exported to Great Britain and Germnuv. The 
following table shows the distribution of the product duriug the years 
1905-1909 inclusive :— 



1906. 

1906. 

1907. 

1908, 

1909 

France . . . 

Germany ... 

England ... 

Austria .... 
Sweden.... 
Italy .... 
Belgium 

North America . . 

58,783 

210.019 

286,702 

i',836 

52.887 

329,035 

366,925 

14.686 

65,035 

344.264 

430.716 

41,467 

824 

90 

54.367 

22.000 
276,847 
495.2t8 
24.250 
1,075 
1.495 
100 

19.568 

237.920 

547.745 

23.790 

SO 

47.496 


The number of workmen employed at ore mines and quarries in 
Algeria in 1902 is close on 5000. 


1 .limiti itt .1 tint, 11th S#rie, rot I. pp. 252-254. 
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Iron Trade Statistics.— The production of pig iron in France 1 
during 1911 amounted to 4,426,469 tons, including blust-furnace cast¬ 
ings. The following table shows the various descriptions produced 
in 1911:— 




Tons. 

Blast-furnace eastings 


. 118.362 

Foundry pig iron 


. 718,IOC 

Forge ., .. . 


. 566,196 

Bessemer „ 


. 104.906 

Basic 


. 2,777.201 

Special (without manganese} 


65,277 

Spiegel risen, ferro-tnanganese. 

Ac. • 

16.770 

Other descriptions . • 


. 10,066 

Total , 

• • 

. 1,126.469 


The production of steel ingots in France* in 1911 amounted to 
3,680,613 tons, as against 3,390,309 tons in 1910. The output of 
ingots during 1911 is tabulated below:— 

Tooi. 

Add Bessemer ...... 75,158 

Basic Bessemer.2.389.353 

Add open-hearth ..... 1.185,315 

Crucible and electric.30.758 


Total .... 3.080,613 


The outpnt of semi-manufactured steel during 1911 is summarised 
in the following table:— 

Trots. 

Basic Bessemer ...... 1.398,6!® 

Add Bessemer ...... 1.252 

Add c pat-hearth ..... 332.215 

1.6*7 


Acid open-I 
Crucible 
Electric furnace 


Total 


1.919 

1,711.118 


Of the total, 1,149,176 tons were blooms anil 594,972 tons were 
billets. 

The output of finished steel products in 1911 totalled 2,638,484 
tons, details of which are as follows:— 



Tons. 

Rails. 


Tires ....... 

*i;«« 

Joists. . . 

Shapes. 


Merchant steel. 


Rods....... 


Wire. 


Tubes and pipes .... 

. 45.060 

Tinplates. 


Sheets and plates .... 

. 110,234 

Forgings. 

. 69.038 

Castings. 


Total . . . 

. 2.638.184 


1 CemiU del Fargo dl Frame. Bulletin No. 3090. 
» Ihd.. No. 8096. 
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P. Anglfes d'Anriac 1 reviews the conditions of the iron and steel 
industry in the north of France, and forecasts the direction in which 
future developments will he made. One-third of the whole produc¬ 
tion of wrought iron and one-quarter of the whole production of ingot 
steel in France are made in the northern district, in which 240,000 
workmen are employed, while the consumption of raw materials 
amounts to 750,000 tons of coke, 800,000 tons of coal, and 1J million 
tons of ore. The progress of events from the year 1870 to the present 
time is noted and includes the introduction in the north of France 
of the Bessemer process, the improved open-hearth process, and the 
basic process. 411,000 tons of basic steel were produced in 1910, out 
of a total Bteel production of 441,000. The production of acid steel 
is, therefore, only about 3 per cent, of the total. 


VIII.— GERMANY. 

Mineral Statistics. —The production of coal* in Germany during 
1911 amounted to 160,742,272 tons. The quantity of lignite pro¬ 
duced totalled 73,516,789 tons, and the make of coke was 25,405,108 
tons. The manufacture of briquettes amounted to 21,827,667 tons, of 
which 4,990,988 tons were coal briquettes and 16,836,679 tons lignite 
briquettes. 

Coal Reserves. — F. Freeh, 3 who has devoted much time to the 
study of the world’)* coal supplies and their possible duration, has 
recently put forward more detailed statements regarding the coal 
deposits of Germany. As far as can be gathered from tho present 
somewhat inadequate data, the two most important German coal¬ 
fields, those of Upper Silesia and the Westphalian district, each 
boost a quantity of coal which, in any case, may be estimated to 
equal the aggregate coal wealth of England. Added to these is the 
Saarbrucken district, extending towards Pfalr. and Lorraine, with 
7000 to 8000 million tons of coal, with the narrower Saar district, 
besides tho Lower Silesian and the Saxon coal deposits, which, how¬ 
ever, are of smaller importance. Owing to the marked compactness 
of the German coal-beds and their comparatively limited areas, an 
increase in production, such as has taken place in Great Britain and 
the United States, is not possible, ami the time when the two principal 
German coal-fields will be exhausted may therefore be put in* more 
than a thousand years distant. 

Iron Trade Statistics. —The output of pig iron 4 in Germany and 
Luxemburg during 1911 was the highest on record, amounting to 

* Comftes Rendus de la HtcUU de t Industrie Slin/rale, 1911, pp. 507-409. 

* ftu* and Coal T radii Review, vol. Ixxxiv. p. 212. 

* Engineering, vol. xdii. pp. 402-463. 

* I'emn deutwher Risen- und Stakl-lndustruUer, 1911, No. 16; Iron and Coal 
Trade: Review, vol. lxxxiv. p. 54. 
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15,534,223 tons, a* against 14,793,325 tons in 1910. The production 
of the various kinds during 1911 was as follows:— 


Tons. 

Foundry.3,003.583 

Bessemer. 374,155 

Basic.9,851,113 

Spiegeleiscn, ferro-mangancse, Ac. . . 1,733,280 

.611,792 


The total production of steel 1 in Germany during 1911 showed on 
advance of 1,320,695 tons as compared with the previous year, being 
15,019,333 tons as against 13,698,638 tons. The production of the 
different classes of steel during 191 1 was as follows : — 

Ingots— Tons. 

Acid Bessemer ..... 187,359 

Basic .. 8,040,164 

Add open-hearth .... 281 877 

Bade. 5,501.147 

Castings— 

Aad. . 102,018 

Basic. 167.354 

Crucible. 78,700 

Electric. 60.654 


Total .... 15,019,333 


The 187,359 tons of acid Bessemer ingot* were produced at 3 works, 
while 24 works contributed to the 8.640,164 tons of basic Bessemer 
ingots. Acid oj>en-hearth ingots were produced at 15 works, while 
67 works produced the basic open-hearth ingots. Acid steel castings 
were produced at 40 works and basic steel castings at 44 works, 7 of 
these works producing both varieties. Tho total number of works 
producing steel was 120. 


German Tinplate Industry. —The Tinplate Sales Association of 
Cologue, which has recently celebrated the fiftieth year of its exist¬ 
ence, has published a memorial, showing the development of the tin¬ 
plate industry in Germany during that period, an abstract of which 
has appeared. 2 


IX. — GREECE. 

Mineral Statistics —The official statistics* for 1910 show that 
the total iron ore production in Greece during the year amounted to 
608,000 tons, to which the islands contributed the major quantity, 
Seripbos alone being credited with 174,IKK) tons, containing 51 per 
cont. of iron. Tho output of manganiferous ore was 35,000 tons, and 

l Vtrtia irutichcr Kim- uni Stahl-Inimtritlltr, 1912, No. 4; /run ani Coal 
Truitt Ktvitw, vol. Ixxxiv. p. 494. 

s iron ani Coal Train Kerim, vol. Ixxxiv. p. 649. 

* /Hi., vol. lxxxui. p. 885. 
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the production of iron pyrites was 27,560 tons (conUining ii per 

cent of sulphur), while mixed sulphur ores amounted to 

Chrome or<* from Thessaly were worked to the extent of 7000 tons. 


X.— HOLLAND. 


Mineral Statistics.— It is stated* thatitbe output of! th*I coal¬ 
mines iu the Netherlands in 1910 was 1,292,269 tons. Of the six 
mines which were in operation during that year, five were workeu 
bv private enterprise and one by the State. According to a to 
published by the Government Institute for the Geologtcal Explora¬ 
tion of the Netherlands, the coal reserves of tliat country, at a work¬ 
able depth, are estimated at 3,000,000,000 metric tons, and those at 
a depth of from 1200 to 1500 metres, which are to be regarded as 
a reserve for the future, are estimated at 1,500,000,000 tons. 


XI.— JAPAN. 

Mineral Statistics —In an historical account of the mining 
industry of Japan, K. Nishio* gives statistics relating to the pro¬ 
duction of manganese ore. graphite, coal, and petroleum, 
the following figures relating to the output from the years to 

1908 are taken :— 


Year. 

Manganese Ore, 
Long Tons. 

Graphite, 
Long Tons. 

Coal. 

Lung Tons. 

Petroleum, 

Darrels. 

|A92 

4.913 

59 

3,129.409 

82,833 

18 ( JCt 

3,958 

27 

3.271,244 

106.1W3 

1894 

13,004 

1U66 

4.214.253 

172.711 

1895 

1(1,753 

428 

4.718,914 

169,873 

IH'.Hj 

17,559 

210 

4,946,668 

236319 

1897 

13,097 

382 

6,131.628 

262,571 

1898 

11.250 

339 

6.640.468 

391.015 

1899 

11,008 

52 

6.653,476 

539.098 

11) «u 

16,498 

92 

7.362.891 

871.740 

1901 

15.928 

86 

8,879,511 

1,117.995 

1801 

10,63s 

96 

9,656,290 

997.543 

1903 

5.489 

111 

10,021.893 

1.210,340 

1904 

4,216 

212 

10.649,026 

1.220,744 

1905 

13,723 

204 

11.467,845 

1.352,574 

1900 

12,572 

138 

12.892.721 

1571.367 

1907 

20.153 

101 

13,736,182 

1,727.298 

1908 

10.837 

147 

14.761.476 

1.872.592 


i Board or TraJt Journal, vol. U*»i. p. R4I. 

a Built till i -f Hu A merit am Institute j/ Mining Enginttn, 1912. p. IS. 
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XII .—ROUMANIA. 

Mineral Statistics- —It is stated 1 that a total of 1,404,400 metric 
tons of petroleum were delivered to Roumanian refineries in 1911, as 
against 1,215,300 metric tons in 1910. The yield of petroleum in 
the refineries in 1911 wns as follows: Benzine. 260,653 metric tons; 
burning oil, 312,711 metric tons; mineral oil, 24,703 metric tons; 
und residue, 783,136 metric tons. Nearly half of the production was 
used iu Roumania. 


am.—R ussia. 

Mineral Statistics. —-The production of iron ore in Russia during 
1910 amounted to 5,637,635 tons.* The coal output of IiuBsia in 
Europe during 1911 was 23,197,000 tons. Of the total, Douetx pro¬ 
duced 16,380,000 tons, Poland 5,792,000 tons, Urul 797,000 tons, 
Moscow 174,000 tons, and Caucasus 54,000 tons. The foregoing 
figures of the coal production do not, as indicated, include Turkestan 
and Siberia. The production from those districts is something over one 
million tons per annum, the figure for 1910 being 1,244,000 tons. 


Iron Trade Statistics. — B. Simmersboeb,* in an article describ¬ 
ing the rise anil progress of the Russian iron industry, gives the 
following statistics of the manufacture of pig iron and steel;— 

Pig Iron 


Year. 

Tons. 

Year. 

Tons. 

1890 . 

888.00ft 

1905 . 

. . . 3.660,000 

1895 . 

. 1.402,000 

190G 

. 2,619,000 

1000 . 

. 9,848.000 

1907 . 

. . . 2,723.000 

1901 . 

. 2,783,(SO 

1908 . 

. 2.749.0U0 

1W>3 . 

. 9,521.000 

1909 . 

. . . 2 817.000 

1903 . 

. 2,406.000 

1910 . 

. 3,040,000 

1904 . 

. 2.930,00ft 




In 1910 there .wore produced 2,846,000 tons of open-heartli steel, 
405 180 tons of Bessemer steel, and about 97,000 tons of wrought 
iron. The finished products amounted to 2,977,800 tons, including 
190,770 tons of girders and sleepers, and 480.000 tons of rails. 

The output of pig iron in Russia during 1911* amounted to 
3,521,000 tons as against 2,983,000 tons in 1910. With the excep¬ 
tion of the North, where only a negligible quantity of pig iron is 


1 NatkrickUn fur Handel und Industrie (Berlin), March 15, 19U; Beard of Tradt 

W(^7Vra.fc Rtiiem, voL lxxxiy. P-1031. voI.1xmy. p. 93. 

» OesterreUhiscke '/.eitsekrift. voL lix. pp. ,01-1-7-3. 

* Iron and Coal Trades A’eview. vol. Ixxxiv. p. 8< 7. 
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smelted, each district participated in the increase of production, 
following table shows the production in 1911 by districts:— 

Tons. 


South Russia 
Ural . . 

Moscow . 
North 
Poland . 


3.575.000 

721.000 

84.000 

1.000 

540.000 


The 


The output 
follows :— 


Total .... 3,521.000 

of steel of each of the districts during 1911 was as 

Tons. 


South Russia . . 

Urol. 

Moscow . . 

Volga . 

North and Baltic 
Poland .... 

Total . 


. 2.006.000 
. 771.000 

170.000 
163.000 
. 317.000 

448,000 


. . . 5.874.000 


Of the total steel produced in 1911 about five-sixths was open- 
hearth steel. The total output of finished iron and steel in 1911 
amounted to 3,258,000 tons, and comprised the following:— 


Joists and channels 


• 


Tons. 

. aw.ooo 

Merchant bars . 


e 

• ♦ 

. 1,179,000 

Rails . 


• 

• • 

. 497.000 

Wire. 


• 


. 241.000 

Roofing sheets . 


• 


333,000 

Plates and sheets 


■ 

• • 

. 369,000 

Unenuraerated . 



• * 

. 373,000 

Total 

• 

• • 

. 8.258.000 


Iron Trade Statistics of South Russia— Complete figures re¬ 
lating to the production of iron and steel in South Russia during the 
year 1911 are available. 1 The pig iron production wna its follows;— 

1911. 

Torn. 

Foundry pig.510,000 

Basic ana Bessemer.1.788,000 

Other descriptions.69,000 


Total .... 2,376.000 

The production of steel ingots in 1911 was as follows:— 


1011 . 

Tons. 

Open-health. 1.473.000 

Bessemer (acid).469,000 

Bessemer (basic). 164.000 


Total .... 2 . 096.000 


l tram and Coal Tradti Krvirm, vuL IxxsW. p. 767. 
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XIV.— SPAIN. 

Mineral Statistics. -The output 1 of bituminous coal in Spam 
duriu* 1010 amounted to 3,000,056 tons, as against 3,662,573 tons in 

1909 f the anthracite output totalled 211,958 tons, and there were pro- 
duced also 245,518 tons of lignite. The production of iron ore in 
1010 was 8,650,000 tons, being slightly in excess of the pro. 1 action 

* n The'total make of eke in Spain during 1010 was 521,078 tons,* 
comprising the following amounts from the different province*. 
Vizcaya 261,967 tons; Oviedo, 155,655 tons; Santand er, 4 1,7 _ 

of briuuettes in the different provinces was as follows. O'ledo, 
139,000 tons; Leon. 98,787 tons; Valencia, 85,284 tons; heiulle, 
77,163 tons; Cordova, 57,225 tons; Saragossa (lignite briquettes), 
1 7*432 tons—total, 474,891 tons. 

Iron Trade Statistics.-Tho pig iron production’ of Spain in 

1910 amounted to 373,000 tons, or less than in any year since 190„ 
The production of rolled iron, wrought iron, and forgings in 1910 »as 
68 100 tons; that of rolled steel was 171,600 tons; and that of steel 
foVgiugs and castings 11.200 tons. Other manufactures of iron and 
steel to the amount of 16,400 tons were made. 


XV.— SWEDEN. 

Mineral and Iron Trade Statistics- -Particulars are given i of 

-ex 

Ssr■srfiS? -' 

was the g - The output of puddled iron amounted 

»•?““£m.pnSuction J „Ll i.go» i» 1911 w 

«l,K^TwWcl. 93.800 U.O. «• 3 “ 7 - 200 

open-hearth. 

I Inn and Coal Tndti gawkm, vol. I»xrir. p. 916. 

» Ihd., p. 957. 

‘ | ^{^A^An^Ur. 1912, p. 135: Coal Trad* AWw. 

vol Unxiv. p. 205. 
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XVI.— UNITED STATES. 

i Statistics.—'The total output of coal in the United States 

dunng 1911 u- estimated at,483,192,888 short tons, of which 8tl.H90.065 
tons were anthructo and 390.996.823 tons bituminous. The output 
of iron ore amounted to 41,815.471 tons, and the production of i.etro- 

l~mw..a08,Ml384 M Th ere w..„e», pido«d uSSH^t 

Acconling to E. W. Parker* the production of coke in the United 
States in 1910 amounted to 41,708 810 short t» n . ;, \i ' 

o,^±»s£ 

estobhshmentH in existence at the end of 1910, representing 104 410 

894 oven "’ *"*• abandoned 
weJT3« U M-H*'ht .^b^braents were idle during 1910. There 

Tn Turn TK y ; P T iUCt ‘•'obe-ovens completed and 1200 building 
in 1910. The production amounted to 7 Ixk 7 Qi f . p 

were Hoppers and 300 Didier ovens A t-v .1 u . ''"S’ Jul ; 

h afo5S"iJSI^if« n - T ' Da **, u “„tp., 

lit l mi tea States in 1910 amounted to 4> 09 

compared with 183,170,874 barrels in 1909 Of th e £S 
produced 73.0M.5ftft A. ® tob “ California 


produce.! 73,010,500 barrels, Oklahoma V'o‘>8 718v! ^ 

Illinois 33,143,362 barrels. Durim' the ve"ar th ^ , 

fuel oU by the railroads of the S Sutes wj u SS'iKT t 

JiSHr&E lwm 

35.945 net tons of arnon.hou, '!l r ,hi, 8U *“ in 1910 wn8 

filler, and 5,590,£92 lb. (Irosnf»»7’ f nmu ‘ 1 ** f °r fertiliser 

tioN of ^i«Si i Tl,. po,.l,«. 

6,000,000 lb,. (30.61 ns, io„) } or *' ha '' 

13,1.9,100 llw, (6574 not ton.) in nm, ^ *“"• " lcr "' vs ^ J “ 

“** - * ^ - *• WSSS AffSL'Sgsm.tS 

: f&.s&*£&££&£ “ - b, 

4 Iron Ap, vol ltixriii. p. Vn) 

* BnlUttn of tkt Amrri.an Iron anj SterJ Aviation, vol. xlvi. pp. jj.jj 
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against 27.303,567 tons in 1910. The total in 1911 comprised 
the following: Bessemer and low-phosphorus, 9.409,107 tons; Imaie, 
8,520,029 tons; charcoal, 278,676 tons; spiegeleisen and fcrro* 
manganese, 184,717 tons. The number of furnaces in blast on 
December .11, 1911, was 231, and the number idle, including furnaces 
being rebuilt, was 235. 

According to the American Iron and Steel Association 1 the pro¬ 
duction of all kimls of steel ingots and castings in the United States 
in 1911 amounted to 23,675,501 tons, as against 26,094,919 tons in 
1910. Of the total production in 1911, 23,029,479 tons were ingots 
and 646,022 tons were castings. The following table gives the pro¬ 
duction of ingots and castings by processes :— 


Acid open-hearth 
Basic „ 

Acid Bessemer. . 
Crucible .... 
Electric and miscellaneous 

Total 


Tons. 
912.718 . 

. . . 14,685,932 

7,947.849 
. . . 97,663 

81,349 


. 23.675.501 


Of the total production of Bessemer steel in 1911, 7,893,961 tons 
were made by the standard Bessemer process. 26,219 tons by the 
Tropenas process, and 27,669 tons by other modifications of the 
Bessemer process. 

The production of steel by the electric process in 1911 amounted to 
29,105 tons, of which about 27,227 tons were ingots and about 1878 
tons were castings. 

The production of steel in 1911 by various minor processes amounted 
to 2244 tons. 

According to statistics collected by the American Iron ami Steel 
Association * the production of all kinds of rails in the United States 
in 1911 amounted to 2,822,790 tons, as against 3,636,031 tons in 1910. 
Included in the total for 1911 are 205,409 tons of girder and T-steel 
rails for electric and street railways. Of the total iu 1911, 1,138,633 
tons were Bessemer, 1,676,923 open-hearth, and 7234 tons mis¬ 
cellaneous. 


Census of United States Iron Industry. — E. D. Durand » has 
issued statistics of the iron and steel industries of the United States 
for 1909. There were 208 establishments engaged in the manufacture 
of pig iron in 1909, a decrease of 16 from the number in 1899, but an 
increase of 17 over that of 1904. The employees, including salaried 
officials, clerks, and wage-earners, in 1909 numbered 43,013; in 1904, 
37,414; and in 1899, 41,121, an increase of 15 per cent, for 1904-1909, 
and a decrease of 9 per cent, for 1899-1904. 

There were 388 completed furnaces with a daily capacity of 101,267 

• Bulletin of the American Iron anJ Steel A natation . rol. xtri. p, 44. 

* Ihd., p. 37. 

» Preliminary Cenna Returns: Iron Age. voL Ixxxviii. pp. 470-I7L 
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tons in 1909, compared with 343 completed furnaces with a capacity 
of 78,180 tons in 1904, and 343 with a capacity of 54,423 tons in 1899, 
an increase for the decade of 13 per cent, in number and 86 per cent, 
in capacity. 

There wore 446 establishments in 1909 equipped for the manufac¬ 
ture of steel or for the hot rolling of iron or steel, compared with 415 
establishments in 1904 and 445 in 1899. The employees, including 
salaried officials, clerks, and wage-earners, in 1909 numbered 260,123 ; 
in 1904, 221,892; and in 1899, 190,703; an increase of 17-2 percent, 
for 1904-1909, and of 16-4 per cent, for 1899-1904. 

The daily capacity of rolled iron and steel on double turn of the 
rolling-mill establishments was 150,000 tons in 1909, 106,000 tons in 
1904, and 87,000 tons in 1899, an increase for the decade of 73 iter 
cent. 

The wire industry in 1909 employed 19,931 persons, including 
salaried officials, clerks, and wage-earners ; in 1904, 5318 ; and in 1899, 
1697; an increase of 274 8 per cent, for 1904-1909, and of 213-4 per 
cent for 1899-1904. There were 42,799 wire-drawing blocks, of 
which 21,081 were reported in kind (rod, 4265; redrawing, 7043 ; and 
fine wire, 9<73), and 21,718 with kind not reported, with a total 
annual capacity of 3,146,000 tons; 4428 wire nail machines with an 
annual capacity of 18,757,000 kegs, and 446 woveu-wire fence machines 
with an annual capacity of 481,000 tons of fencing. 

There were 31 establishments reporting the dipping of tin and terne 
plates in 1909, compare.! with 36 in 1904 and 57 in 1899; of these, 
5 in 1909, 9 in 1904, and 22 in 1899 purchased their black plates, the 
balance rolling them. The employees, including salaried officials, 
clerks, and wage-earners, in 1909 numbered 5845 ; in 1904, 5131 • and 
in 1899, 4004; an increase of 13-9 per cent, for 1904-1909 and of 
28-1 per cent for 1899-1904. ’ 
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XVII .—COMPA RA TIVE TA BLES. 


The World’s Production of Coal, Iron, and Steel. r For pur- 

poses of comparison the following summary of the production of coal 
in the principal countries of the world is appended:— 


Country. 


United Kingdom . 
Australasia— 

New South Wales 
Queensland 


Victoria . 

Western Australia 
Austria-Hungary, coal 

„ lignite 

Belgium 

Canada (short tons) 

Chile . 

China ... 

France . 

Germany and Luxemburg, coal 
„ lignite . 

Holland 
India . 

Italy . . . 

Japan . 

Natal . 

Rhodesia. Southern 
Russia . 


Spain . 

Sweden . 
Transvaal Colony 
United States 


Year. 

Production in 
Tons. 

mi 

271.878.924 

1911 

8.691.(104 

1910 

871,166 

1909 

66,162 

1910 

369.059 

1910 

262,106 

1911 

14.861,314 

1911 

S5.S96.429 

1911 

23,125.140 

1911 

11,291.563 

1909 

898.971 

1909 

12 840 000 

1911 

38.643.661 

1911 

160.742,272 

1911 

73,516.789 

1910 

1.292.889 

1910 

12,017,413 

1910 

862,153 

1910 

16,835.285 

1910 

2.296.646 

1910 

180.068 

1911 

23.197.000 

1910 

3,600,066 

1910 

302,786 

1909 

3,312,413 

1911 

483.192.888 


A similar summary showing the production of pig iron is as 
follows:— 


Country. 


United Kingdom . 

Australasia, New South Wales 
Austria-Hungary 
Belgium 
Canada. . 

China . 

France . 

Germany and Luxemburg 
India 
Italy . 

Japan . 

Mexico . 

Russia . 

Spain . 

Sweden. 

United States 


Year. 

Production in 
Tons. 

1911 

9,718,638 

1911 

24,668 

1910 

1,967,000 

19U 

2,106,12» 

1911 

917,535 

1910 

130,000 

1911 

4.426,469 

1911 

16,534,223 

1909 

30,300 

1910 

303,239 

1910 

88,206 

1900 

68.800 

1911 

3.521.000 

1910 

373.000 

1911 

833,800 

1911 

23,649,344 
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The World's Supply of Iron Ore— P. Angles d’Aunac discuses 
the evolution of metallurgical processes in their relation to the world « 
supply of iron ores. It is in the manufact ure of open-hearth steel that 
the greatest progress has been made. Throe countries together furnish 
more than four-fifths of the total steel production of the world, namely, 
the United State*, Germany, and Great Britain. Diagrams and curves 
are given showing the progress in each country. The Bessemer pro¬ 
cess requires pig iron of a definite chemical composition which may 
not vary within certain relatively circumscribed limits; while the 
open-hearth furnace, on the other hand, can be adapted to suit pig 
irons of widely varying composition, and the ease with which 
various grades of steel cau be made in the open-hearth furnace con¬ 
fers upon that process a degree of elasticity which the Bessemer 
process lacks. On the other hand, the open-hearth process is at a 
disadvantage with the Bessemer process owing to the fact thnt the 
working of a charge takes longer and that the costs are higher. In 
America the open-hearth process is daily gaining ground. In 1910 it 
represented 63 7 per cent, of the total production, 59 per cent, being 
basic open-hearth steel ami 4-7 acid open-hearth steel. The special 
conditions which have led to these circumstances in the United States 
are discussed. In Germnny conditions are quite different. Four-fifths 
of the iron ores treated within the Zollvercin are obtained from Alsace- 
Lorraine and from Luxemburg, or, in other words, from the minette 
district where the ores are exclusively of a type which only lends 
itself to treatment by the basic process. On the other hand, the pro¬ 
duction of iron ore in Germany is far short of the consumption, and a 
lari:e proportion is therefore derived from other countries, of which 
Sweden is the principal and Spain the next. In 1910 the imports of 
Swedish ore into Germany amounted to 3,249,000 tons, while the 
Spanish imports were 2,861,000. The production from French 
Lorraine is rapidly growing, and now amounts to 18 |ier cent, of the 
total import, 1,774,000 tons having been imported in 1910. The 
French imports are mostly derived from the Briey field, and are 
similarly of the minette type. Indeed, the minette deposits of French 
nnd German Lorraine constitute the largest ore reserve in the world, 
and furnish a guarantee of the continued uduption anti success of 
the basic process in France, Germany, and Luxemburg. In Great 
Britain conditions differ once again, being controlled by two factors, 
the preference which is evinced in that country for acid processes, and 
the insufficiency of the native ore supply, which necessitates the im- 
nortation of foreign ores of a relatively pure description. In 1909 the 
consumption of iron ore in Great Britain was 21,642,000 tons, whereas 
the whole production was only 15,220,000. The difference, 6,422,000, 
was derived from Spain (which furnished three fourths of the imports, 
r 4 802 000 tons), Algeria (which furnished 489,000 tons), and Sweden 
Upon which 295.000 tons were obtained). Of the ores derived from 
these countries it is mainly the pure magnetites which ore sent to 

l Bulktht it U StcUUit Tlninitru hfintralt, vot *v. pp. 441-474. 
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England, while the phosphoric qualities are imported into Germany. 
As the supply of ore suitable for acid processes is not only distinctly 
limited, but is gradually approaching exhaustion, the tendency in 
Great Britain will obviously be in the direction of a further adoption 
of the basic process, and already imports of ore have been made from 
Brioy into the Cleveland district. It may be foreseen, therefore, that 
while the npen-he&rth process will maintain its proportional preponder¬ 
ance, the amount of acid steel made by this process will diminish 
gradually, while the proportion of basic open-hearth steel would 
increase! During the years 1900-1910 the percentage of basic open- 
hearth steel increased from 6 j er cent, to 20 3 per cent., while the 
amount of acid steel fell from 58-4 to 44" 1 per cent, although the 
total percentage of open-hearth steel increased from 64‘4 to 70'4 per 
cent. On the other hand, the percentage of Bessemer steel fell from 
25‘G per cent, to 18"9 per cent. Summarising the statistical informa¬ 
tion available, it will be seen that whereas in the year 1900 the United 
States, Germany, and Great Britain produced 21,732,000 tons of ingot 
steel, of which 12,210,000 tons were acid steel and 9,522,000 were 
basic steel (56 2 per cent, acid and 43 8 |>er cent, basic), these three 
countries in 1910 produced no less than 45,755,000 tons, of which 
14,958,000 tons were acid steel and 30,797,000 were basic steel (32 per 
cent. acid. 67 per cent, basic). During 1900-1910 the percentage of 
arid Bessemer steel fell from 38-2 per cent, to 23-8 per cent., and tliat 
of basic steel from 21'3 per cent, to 19 per cent., while the production 
of open-hearth steel rose from 40'5 per cent, to 57 2 per cent. At 
the present moment the production of basic open-hearth steel alone 
amounts to 48 3 per cent, of the total production. The victory of the 
open-hearth furnace over the converter and the noteworthy pre¬ 
dominance of the basic processes over the acid processes are thus 
clearly brought out by the experience of the last ten years. The 
question arises, to wh.it extent this tendency will go! The answer is 
complicated by the intervention of electrical processes, for it is in¬ 
dubitable that the employment of electric furnaces in connection with 
Bessemer converters in America will considerably extend the scope of 
the Bessemer process by solving the difficulties which arise owing to 
the occurrence of phosphorus iu Lake Suj>erior ores. On the other 
band, in the Old World it may be foreseen that the electric fur¬ 
nace will act as an adjunct for the finishing of basic steel, and 
will serve in lieu of steel now produced in the open-hearth furnace. 
Although the production of electric steel is rapidly increasing, it is 
still not n factor of importance. In 1910 the United States produced 
53,000 tons,as against 14,000 in 1909; while the production in Germany 
was 36,000, as against 18,000 in the previous year. It is, however, 
not to be supposed that the possibilities of the electric furnace have 
been exhausted. In conclusion, the forecast is made that, except 
for the eventual support lent by the electric furnace to converter 
methods, the basic open-hearth process will steadily increase in 
favour. 
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World’s Production of Tungsten.— U. Leiser 1 gives the follow- 
mg table showing the world's production of tungsten in 1910 :— 


North America 
Australia . 
Australia . 
India and Japan 
South America 


Spain - . 

Portugal 
Germany . 
Austria 
Great Britain 
Other countries 


Tons. 

1300 (concentrates) 
1200 

120 (scheelitr) 

12i> (concentrates) 
10H0 

240 „ 

1300 

as 

4#U „ 

180 


5800 


1 Chtmiktr /.fitting, vot, ttsrv. pp. 665-601 
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-preparation of, 609. 

ARTIFICIAL gas, 479. 

Asphalt, artificial, 477. 

Asphyxiation by blast-furnaoc gases, 602. 

Atomic weight of nitrogen, 613. 

Australasia, mineral and iron trade statistics of. 616. 
Australia, coal in, 469. 

Austria, coal in, 463. 

-petroleum in, 473. 

Aubtria-Hungaut, iron trade statistics of, 617. 
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Austria-Huxoabt, minors] statistic* of, 616. 
Autogenous mono, 552. 

AUTOMOBILES, use of alloys la construction of, 587. 
Axr.cs, steel, specifications for, 574. 


B. 

Baba, steel reinforcement, specifications for, 574. 
Basic slag, phosphates in, 537. 

Bauxite, 465. 

Belgium, iron trade statistics of, 618. 

-mineral statistics of, 617. 

Belts, steel, for power transmission, 554. 

Benardos welding process. 553. 

BERTIIELOT-M AHLUR CALORIMETRIC bomb, 458. 
Bessemer gold medal, presentation of, 22. 
Bessemer process, 537. 

-development of, during 1871-1910, 31. 

BtBUOGRAPirr, 638. 

Hidkrmaxn-Harvet OPEN-HEARTH rL'RNACE, 635. 
Blast, dry-air, 497. 

-enrichment of, with oxygen, 498. 

BlAST-PURNACR. charcoal, in Russia. 603. 

-deposition of oarbon in, 496. 

- explosion in, 498. 

-thin-lined. 494. 

Blast-pursack. design and equipment:_ 

- charging appliances, 497. 

-construction, 494. 

-hot hlast stores, 497. 

-Cowper, 497. 

-improvement* in. daring 1871-1910, 40. 

Blast-pursack gas, asphyxiation by, 502. 

-cleaning of, 501. 

-composition of, 499. 

-meters, 501. 

—-utilisation of, 500. 

-in open-hearth furnaces, 600. 

Blast-pubnace gas oleanebs :— 

-Hal berg-Beth. 501. 

--Mullen, 502. 

-Zschocke, 506. 

Blast- purnace operations, 496. 

Blast-furnace phactick, 494. 

Blast-purnac* reactions. 495. 

Blast-furnace slag, 510. 

_composition and uses of, 510. 

.-crushing, 511. 

__ utilisation of waste heat of, 510. 

Blasting, in iron ore mining, 443. 

Blowholrs with uxidised wall*. 107. 
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Blowholes and cavities in steel ingots, welding cp of (Paper), 104; S59. 
Blowing-engines, 497, 537. 

Boiler, Bone's surface-combustion, 460. 

Boilers, tests on, 564. 

Bonk's surface-combustion boiler, 4C0. 

Brazil, iron ore In. 439. 

Bbiskll hardness numbers, table of. 669. 

Briquettes, coal, 492. 

-scrap iron, use of, in the cupola, 513. 

_ for use in the open-hearth, 534. 

Briquetting flue dust, 450. 602. 

_Iron ore 460. St* also lion Ore Briquetting. 

British Columbia, mineral statistics or, 618. 

Brccb-Macbeth gas-enginb, 483. 

Bulgaria, coal in, 463. 

Burma, coal in. 464. 

-petroleum in, 474. 

By-troduct coke-oven practice, 471. 

By-product coke-ovens. 471. 

_ _development of, during 1871-1910, 39. 

By-pkoducts, recovery of, in the distillation of wood, 469 
_from gas-producers. 483. 


o. 


Calcium oxide, estimation of. 610. 

Calibration of testing machines, 568. 

California, natural gas in. 478. 

--petroleum in, 475. 

Calorific value of fuel, 458. 

Calorimetry. 468. 

Campbell open-hearth furnace, 515. 

Canada, coal in, 467. 

---iron ore in. 436. 

_analysis of. 437. 

_iron trade statistics of, 618. 

_mineral statistics of, 618. 

-petroleum in, 474. 

_rolling-mills in, 631. 

Carbon, artificial crystallisation of, 585. 

_deposition of, in the blast-furnace, 496. 

_estimation of, 601. 

___apparatus for, B04. 

__ in ferro-chromlum, 608. 

_in iron and steel in the electric furnace, 601. 

_ influence of, on the corrodibility of iron (Paper), 207 

__nomenclature of the oxides of, 613. 

__transformation of, into graphite, 687. 

Carbon dioxide, estimation of. In smoke, 613. 

Carbon dioxide recorders, 460. 

-Uehling, 461. 
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Carbon, iron and vanadium, chemical and mechanical relations at (Paper), 
SIS. 

Carbon monoxide, estimation of. 612. 

Carnbgik Gold Medal, award at. 26. 

Cars hoik Scholarship Awards. Hnmfrev, J. C. W., Keasner. A., Landis, IV., 
Pickard, J. A., Nusbaumer, E., 28. 

Casbhardrninc. 544. 

-furnaces, 546. • 

Cast iron, growth of, 558. 

- influence of composition and structure on strength of, 656. 

-vanadium on, 557. 

-reinforcements of concrete with, 566. 

-volume changes in, during cooling, 555. 

-as an indication of strength of, 556. 

Casting of stove plates, 522. 

Castings, aluminium, 523. 

-chilled, 521. 

-cleaning of, 623. 

-imperfect, 622. 

-relation of test-pieces to, 558. 

- segregation in, 658. 

■ — special, 522. 

-steel, 623. 

Cbhentitk, solubility of, in 7 -iron, 586. 

- solubility of, in hanlcnite ( Paper), 235. 

Ceylon, early manufacture of iron in (Paper), 134. 

Chains, 554. 

Charcoal, 469. 

-iron process, 606. 

-spontaneous combustion of, 469. 

Charging appliances, blast-fnrnace, 497. 

-open-hearth, 636. 

Chemical analysis, 601. 

Chemical and mechanical relations of iron, vanadium, and carbon 
(paper), 215. 

Chemistry of coke, 47a 
Chilled castings. 521. 

CHINA, blast-furnaces in, 504. 

- coal in, 465. 

-iron ore in, 432. 

-analysis of. 432. 

-iron trade statistics of, 619 

- petroleum in, 474. 

CHROME iron ork, occurrence of, 441. 

Chromium, separation of, 604. 

Chromium steel, critical points in, 584. 

Chromium, nickel, and nickel chromium steels, corrosion of (Paper), 249 
Cleaning of castings, 623. • 

Coal, 461. 

- composition of, 462. 

- geology of. 462. 

-methods of working, 486. 

-origin of, 461. 





















652 
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Coal, sampling of, Oil. 

-storage and beating of, 489. 

-world's production of, 633. 

Coal briquettes, 492. 

Cqal-cctti.no MACtnsritT, 4S5. 

Coal-dust experiments, 488. 

Coal-minixo , 484. 

-economics of, 491. 

-history of, 491. 

Coal WA8H»g and screening, 492. 

COCKKBILL works, cost of manufacture of electric steel at, IKS. 

Cork, chemistry of, 470. 

-manufacture, 471. 

-sampling. 611. 

COKE-OVEN ACCESSORIES. 39, 471. 

Cokeoven gab for heating open-hearth furnaces. 472. 

-surplus, use of, 42. 

Coke-oven rnACTICK, by-product, 471. 

Coke-ovens, by-product, 39, 471. 

-special type of:— 

-Semet-Solvay, 471. 

-Simon-Carr tie, 471- 

Colli ktuks, accidents in, 489. 

-earth pressures in. 484. 

-electric equipment of, 485. 

-explosions in, 489. 

-gas power in, 4S5. 

-gases In. 488. 

-haulage in, 487. 

-lighting of, 488. 

-rescue appliances in, 490. 

-sanitation in, 490. 

-shaft-sinking in, 484. 

-ventilation In, 488. 

-— winding appliances in. 487. 

_winding-engines in, 486. 

Colombo Museum, ancient specimens of iron and steel in. 135. 

Combustion experiments, surface, 459. 

Combustion, spontaneous, of charcoal, 469. 

Comparative tables of coal. Iron, and steel production. 633. 
Composition, influence of, on strength of cast iron, 656. 

Concentration of iron ore, 448. 

Concrete, use of. in mines, 485. 

_corrosion of iron in, 695. 

_reinforced, tests on. 565. 

_reinforcements of, with cast iron, 566. 

CONCBKTK TILLING, tests on steel column with. 566. 

Converters, oil-fired, for foundries, 517. 

._for steel foundries, 576. 

CONVERTING and melting, changes In methods or, during past forty years, 44 
Cooling beds, mechanical, 533. 

Copper, estimation of, 604. 
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Copper, Iron, and nickel alloy, 587. 

-solubility of hydrogen in, 688. 

Cokes, foundry, 519. 

CORRINGTON GAS-ENGINE, 483. 

Corrodibility OP IKON, influence of carbon on ( Paper ), S70. 

Corrodibility op steels, influence of treatment on, 29a 
Corrosion, electrolytic, 593. 

-of iron, 591. 

-In concrete, 595. 

-in contact with slag, 594. 

-influence of carbon on, 27a 

■■ - of iron pipes, 592. 

-mechanism of ( Paper), 259. 

— ■ of nickel, chromium, and nickel-chromium steels {Paprr), 249. 

-resistance to, 177. 

-steels in sea water, 253,275. 

Corrugation of rails. 57a 

CoRaropiTtm (Coubkidge), notes on bloom of Roman Iron found at {Paper), 
118, 

COUNCIL, ballot for election of Members of, 1. 

-report of. 5. 

Cow PER STOVE, 497. 

CRANK SHAFT, failure of, 5*14. 

Critical points in chrominm steel, 584. 

CRtrcniLK cast bterl. manufacture of, in Ceylon, 151. 

Crystallise structure of metals, 579. 

Crystallisation, artificial, of carbon, 585. 

-and transformations in Iron containing over 4 per oenl. of carbon, 585. 

“ Crybtolos." 453. 

Cuba, iron ore in, 439. 

Cupola construction, 512. 

-portable, for emergency work, 512. 

-practice, 512. 

-special types of, Holland, 512. 

-use of scrap-iron briquettes in the, 511 

Cyclone oxt-acktylbse welding process. 552. 


D. 


Delhi iron pillar, 153. 

-analyses of. Set interpolated note, 170. 

Dhar iron pillar, 157, 188. 

Diesel gas-engine, 483. 

Dinner, annual, 395. 

Direct production op steel 536. 

Dolomite, 456. 

Dry-air blast, 497. 

Duraluminium. 590. 

DwianT and Lloyd sintering process, 451. 

1912.—L 2 T 
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SUBJECT IXPEX. 


E. 

EiBTU TBESBi'itEs in collieries, 481. 

Economics at coal-mining, 491. 

-of ore-mining, 146. 

Ecri'T, early manufacture of iron in, 158. 

Elastic limit, definition of. 668. 

Elasticity, modulus or, and thermal expansion of metals, 567 
Elih.tr i c driving of rolling-mills, 526. 

—— energy, in electric steel furnaces, consumption at 688. 

-equipment of collieries, 485, 

Electric furnace, construction of, 538. 

- consumption of electric energy in, 538. 

-melting of ferro-manganese in, 540. 

in ’ “ Dd their “PP 1 ^ 1100 fa ** manuf*;tu ro 

-statistics of. 512. 

Electric phexaces, special Tins or:— 

-Frick, 542 

-Girod, 642. 

-GronwaJl, 507. 641. 

-- Helbcrger, 642. 

-Ilering, 89. 

-Hrroult, 507. 541. 542. 

-Hiorth, 542. 

- Keller, 507. 

- Kjellin, 538, 542. 

-Natbuslns, 59. 642. 

- Paragon. 542. 

-Bochling-llodenhausrr, 542. 

-Soderberg, 93. 

-Staasano, 507. 542. 

Electric production or steel, 538 . 

Ellctiuc smelting or iron ore, 507 . 

Electric steel, cost of production by Kathusiu* process 81 
Electric testing machine, 568. 

Electric welding. 551. 

Electro-magnets for handling material, 551, 

Electro-potentials In sea water, 282. 

ElECTIIOLYTIC CORROSION, 593. 

Esgin is. gas, 483. 

-winding, 486. 

Explosions in collieries, 489. 

— ■ . ferro-silicon, 591. 

Explosives in iron ore mining, 443. 


F. 


FATIGUE of weldod joints, 663. 
FRRRO-BORON, Gia 
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Ferro-chromium, estimation of carbon in. 808 
Fkiuio maoketic compound* of manganese. m. 

K'^nr!.’ MAJ,aAN “ 8 “' mclUn K of > ifl ‘be electric fumacr, 540 
FKliRO-SILICON EXPLOSIONS. 591. 

Fibeiirickb. 455. 

-expansion of, 455. 

-tests of, 455. 

Fireclays, 465. 

'"?*** 9t ”* inp5ts t0 reniovl \ 551. 

Flue dust, briquetting of, 45ft 502. Str also Iron Ore 
Flub oas tkmpebatuhks, measuring, 4 tij. 

Fluid compression, processes for, all. 

-Whitworth. 310. 

Forge and mill machinery, 528. 

Fuhginq, 551. 

-presses, 526. 

Foundbt, accidents in, 525. 

-oil-fired converter, for, 517. 

-" burning-on " in, 522. 

-cores, 519. 

-costa, 625. 

-equipment, 514. 

-mixtures, 513. 

-patterns and moulding, 618. 

-practice, 512. 


■ use of the microscope in, 524. 

-waste, recovery of iron from, 513. 

Fractures, investigation of (/Wr), an*. 

Franck, coal in, 463. 

-iron ore in, 431. 

-iron trade statistics of. 823. 

-mineral statistics of, 620. 

-steelworks in, 535, 537. 

Fbhnch Lorraine, production and «msnm|/tion of iron ore in fisn 
Frick electric furnace, 542 . 1 r ,llj 

Fuel, 458. 

-analysis of, 611. 

-calorific value of, 458. 

-bent value of, 459. 

-liquid, 472. 

> use of, 476. 


-utilisation of low grade, 460. 

Furnace charges, calculation of, 496. 
Furnaces, annua!mg, 547, 

-arc, 51. 

-case-hardening, 646. 

-hardening, 547. 

-induction, 51. 

-reheating, 548. 

Further tbbatmknt of iron and steel, 544 . 
Fusibility of refractory materials, 454, 


t*S5 
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G. 

Galvanising Iron and steel. 5S7. 

- Luhmann process of, 599. 

Gas, analysis of, 612. 

-. In ironworks practice, 612. 

-meters, blast-furnace, 501. 

-furnace, apparatus for analysis of. 612. 

-mine, analysis of, 613. 

- poisoning in steelworks. 536. 

Gab, artificial, 479. 

Gab. natural. 478. 

-conservation of, by liquefying, 478. 

-power-station. 479. 

-transport and storage of, 478. 

-utilisation of, 478. 

Gas-engines, special types or;— 

-AQis-Chalmcrs, 483. 

-Bruce-Macbeth, 483. 

-Corrington, 483. 

- Diesel, 483. 

- Remington, 483. 

-Westingbouee, 483. 

Gas-power in collieries. 485. 

Gas-producers. 479. 

-by-products from, 483. 

- peat. 482. 

-Heinie, 483. 

-special types of:— 

-bituminous, 480. 

-— Hilger, 481. 

- Kerpc-ly, 480. 

-Kuppers, 481. 

-Mathot. 481. 

-Pintsch, 482. 

-Rehmunn. 481. 

Gases in mines, 488. 

German Lorraine, production and consumption of iron ore in. 620 
Germany, cool in, 463. 

■ ■ — coal reserves of, 624. 

-Iron ore in, 431. 

-iron trade statistics of, 624. 

-mineral statistics of, 624. 

-tinplate industry of, 625. 

Girod electric furnace, 542. 

Gordon-Prall rrreatino fursacr. 548. 

Graphite, 456. 

-transformation of carbon into, 587. 

Great Britain, blast furnace* in, 503. 

-foundries in, 524. 

--- iron ore in, 431. 
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Gukat Britain, iron trade statistics of, 814. 

-mineral statistics of, 614. 

-railing, mills in, 630. 

Greece, mineral statistics of, 625. 

GKEEXAWALT BRIQUETTING PROCESS, 451. 

GKOHUAL BRIQUETTING PROCESS, 448, 460, 451. 

GbSnwali. electric purnack, 507, 641. 

Gusts, steel for, manufacture and treatment of [Paper), 297 . 

• H. 

Halrrrg-Bktii apparatus for purification of blast-furnace ena Sol 
•‘Ham bosks” in Silesia, 213. ’ 

-in Staffordshire, 203. 

Harder inis purxaces, 647. 

Hardening temperatures of tool steel, 619. 

Hardrnite, solubility of ocmentltc in [Paper), 235. 

Hardness retontirity of ancient Iron and stool, 162. 

Hardness tests of rails, 573. 

Haulage in collieries, 487. 

-of iron ore, 445. 

Heat, flow of, through refractory walls, 454. 

-influence uf, on hardened tool steels [Paper), 358. 

Heat op formation of iron carbide, 586. 

-of silicates, 589. 

Hbat treatment op steel, 649. 

Heat value op purl, 459. 

Heating of coni, 489. 

Heines peat gas-producer, 483. 

Helberger electric furnace, 542 . 

HSboult elkctric furnace, 607, 541, 542. 

Hilgeu gas-producer, 481. 

Hioeth electric furnacb, 542. 

History of coal-mining, 491. 

-of iron, 508. 

-of iron-mining, 446. 

Holland, mineral statistics of, 626. 

Holland cupola, 612. 

Hot-blast htoves, 497. 

Hudson's charcoal iron process, 606. 

Hungary, mineral statistics of, 616. 

Huktingtox-Hehkblkin pot briquetting pboobsb, 451 . 
Huntsman’s steel, 14«. 

Hydrogen, rate of diffusion of, in steel, 688. 

-solubility of, in copper, iron, and nickel, 588. 


I. 

India, coal in, 465. 

-early manufacture of iron in, 134. 

-early use of iron in, 187. 

-ironworks in, 604. 
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IsmA t petroleum in, 474. 

-steelworks in, G35. 

Indian Wool* Steel, remarks on, 144. 

Indiana, petroleum in, 476. 

Induction furnace, description of, SI. 

Ingots, shears for cropping, 636. 

-prevention of pipe in, 660. 

-email, 634. 

-Bound, production of, 104. 

-steel, blowholes in, 55'J. . 

-steel, turning of, to remove surface flaw, 351. 

-world’s output in I860, 1830,1900, 1910, 48, 40 . 

Institute, roll of the, 6 . 

IRON beams at Garden Temple at Puri, India, 200. 

-at Kortarak (India), 194. 

Iron, bloom of Unman, found at Corstopitum, 118. 

-analyses of, 120 , 127. 

-and bronze ages, so-called, opinions of authorities concerning 142. 

-containing over 4 per cent, of carbon, crystallisation and transformation 

in, 685. 

-Corrosion of, 177, 591. 

-In concrete, 695. 

-in contact with slag, 594. 

-early use of, in Ceylon (Paper). 134 . 

-in India (Paper). 187. 

-estimation of, 008. 

-history of, 118, 134. £08. 

- liquid, pressure of, on the mould, 618. 

-magnetic properties of, 577. 

-manufacture of ancient, 118,134, 187, 203. 

-native methods of. 608. 

-in Silesia. 213. 


-* n Staffordshire, early, note on some remains of ( Parser\ 

-nickel, and copper alloy, 587. ^ 

-passivity of, 595. 

-permeability of, 577 . 

-Pillar at Delhi, 153. 

-at Dhar, 157, 188. 

-pipes, corrosion of, 593. 

-recovery of, from foundry waste, 573 . 

-solubility of cementite in, 586. 

-hydrogen in, 588. 


-vanadium, and carbon, chemical and mechanical relations of 

Iron-carbide, beat of formation of. 586. 

Iron-carbon system, 685. 

Iron ores, analysis of, 607. 

-— titan iferous, 610. 


(Paper), 


216. 


inalyscs of (typical):— 

-Algeria, 435. 

-Canada, 436. 

-China, 432. 


Cuba, 440. 
Philippines, 434. 
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t#OH oBlifl, analyses of (tvpical):— 

-South Africa, 43(5. 

-United States, 439. 

Iron ore mtiQCKTTiNr., special processes op: — 

-Dwight and Lloyd, 451. 

--Greenawult, 451. 

-Grundal, 448. 450, 451. 

-- Huntington-Hebcrlcin, 451 

-Pioneer, 451. 

-Bunay, 451. 

-Schamacber, 450, 451. 

Iron ore, concentration op, 448. 

-by roosting, 152 

Iron orb crushing, 447. 

Iron or* drying, 447. 

Iron orb, qradisg op, 446. 

Iron orb, handling, 445. 

Iron orb, mechanical preparation op, 447. 

Iron ore, metallurgical preparation up, 451 . 

Iron ore mining, 443. 

■ blasting in, 443. 

-economics of, 446. 

-equipment of, 444. 

-explosives in. 443. 

-haulage in, 445. 

-history of, in Japan, 446. 

-methods of working, 444. 

-shaft sinking In, 443. 

-timbering in, 444. 

Iron ore, occurhkncr and composition of, 430 . 

Iron ore sintering, Dwight and Lloyd’s process, 451. 

Iron ork, washing, 447. 

Iron ore, world’s supplt op, 635. 

Iron and manganese, arsenide* of, 588. 

-preparation of, 609. 

■ - ■ separation of, 608. 

Iron and steel, analysis of, 601. 

-ancient, hardness rotentivity of, 162. 

-research experiments nn, 134. 

Iron and steel, further treatment op, 544 . 

IRON AND 8TEKL, GALVANISING, 5l>7. 

tRON AND STKEL, PHYSICAL AND CHEMICAL PROPERTIES OP, 555. 
Iron AND ETHEL, PRESERVATION OP, 596. 

Iron and stekl, rolling op, 550. 

Iron AND steel, StNHAI.ESK, of ancient origin {Paper), 134. 

Iron and steel, specifications for, 573. 


J. 

Japan, mineral statistics of, 626. 

JOINTS, welded, fatigue of, 563. 

Jokes “Step” process, 533. 
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K. 

Kk.li.eb electric purnace. 607. 

KENNEDY TESTING MACHINE, 569. 
Kentucky, coal in, 468 
Kkrpkly gas -producer, 480. 
Kjii.lberg arc-welding process, 651. 
KJELLIN ELECTRIC PURNACE, 538, 543. 
Kokarak (India), iron beami at, 194. 
Kroell reheating purnace, 548. 
Kcitku's GAS-PRODUCER. 481. 


L. 

LABORATORY equipment, 606. 
Lewis-Thompsok caidri METER, 458 
LIBRARY. additions to, 420. 

LIGHTING of collieries, 488. 

-of rolling-mills, 533. 

•• Little's cooler," 497 

Loumann process op GALVANISING, 599. 


M. 

Magnesite, 456. 

MAGNESIUM, calcination of, 457. 

Magnetic properties of metal compound*. 677. 

-of nickel and iron, 577. 

-of special steels, 575 

Magnets, electro, for handling material, 551. 

- permanent, steel for, 578. 

Malay States, coal in. 465. 

Manganese, arsenides of. 588. 

- ■ pre]«ration of, 609. 

-estimation of. 605. 609. 

-ferro-magnetic compounds of. 587. 

Manganese ore. occurrence of, 441. 
Manganese and iron, separation of. 608 
Manipulators, rolling-mill, 533. 

Materials, strength of. 569. 

Mathot gas-producer, 481. 

Medals and research scholarships, is. 
Meetings, 9. 

Melting point of metals, 590. 

Metal compounds, magnetic properties of, 577 
Metal mixers, 497. 

-use and value of. 42. 

Metallography. 581. 

-appliances for, 579. 

Metallurgy books on, 638. 
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Metals, crystalline structure of, 579. 

-high frequency tecta of, 562. 

-melting point* of, 590. 

-modulus of elasticity and thermal expansion of, 567. 

Meteorites, 442. 

-analysis of. 443. 

Micro-constituents of steel, structure of. 583. 
Microscope. use of, in the foundry. 524. 

Microscopic constituents, nomenclature of, 576. 
MlCRUSTRUCTURB OP METALS, 561. 

Milo steels, testa of, 564. 

Mike supports. 484. 

Mins survbtisg, 491. 

Mines. Set alto Iron Ore Mining a mi Collieries. 

-ua<* of concrete in, 485. 

MlN ISO, books on, 644. 

Molybdenum, properties of, 589. 

Molybdenum ore, occurrence of, 441. 

Motor-car steels, specifications for, 575. 

MOULD, pressure of liquid iron on, 5IH. 

Moulding, 618. 

-pipe. 519. 

Moulding machines, 521. 

Moulding sand, 521. 

Mi llkn gas washeil 502. 


N. 

NatHUBIUR ELECTRIC FURNArR ( P"prr), 59. 542. 

Native iron, 440. 

-methods of manufacture of, 508. 

Natural oas, 478. 

New Mexico, coal in, 469. 

New South Walks, iron industry of. 506. 

-iron trade statistics of, 616. 

-mineral statistics of, 616. 

New Tore, iron ore in. 438. 

New Zealand, petroleum in, 476. 

Nickel, estimation of. 606. 

_aolubility of hydrogen in, 588. 

-magnetic properties of, 577. 

Nickel, chromium, and nickel-chromium steels, corrosion of (Paper), 249. 
XlCKRL, IRON. AND COPPER ALLOY. 587. 

Nickel ore, occurrence of, 441. 

Nickkl steel, expansion of, 569. 

- rails, use of, 569. 

Nigeria, coal in. 466. 

Nitrogen, atomic weight of, 613. 

Nomenclature of microscopic constituents, 578. 

_of the oxides of carbon, 613. 

NORWAY, iron ore in, 432. 
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o. 

Oil. crude, producer-gas from, 483. 

-fired converter* for foundries, 517. 

-fired open-hearth furnaces for steel foundries, 515. 

- ■ ■ regions, earth temperatures in, 476. 

OlL-BHALN in Yorkshire, 473. 

Oklahoma, petroleum in, 475. 

Open-hearth charging machine. 536. 

Opekueartu furnace, oil fired, for steel foundries, 515. 

-utilisation of blast-furnace gases in. 500. 

-briquettes for use in, 534. 

-coke-oven gas for beating, 472. 

OPKS-HBAilTH FURNACE, SPECIAL TYPES OF 

-Bldermann-Horvey, 535. 

-Campbell tilting, 575. 

- Simpson and Oviatt, 536. 

O TEN-HEARTH PRACTICE, 534. 

Open-hearth process, 534. 

■ development of, during 1878-1910, 31. 

Ore deposits, origin of, 43a 
Ores, sampling of, 607. 

OSMONDITB in hypo-eutectic steels, 583. 

Oxygen, enrichment of blast with, 498. 

- estimation of, 601. 


P. 

Paragon electric furnacr. 542. 
Passivity of iron. 593. 

Patterns, foundry, 51 k. 

Peat, utilisation of, 469. 

Peat-gas prodicers, 482. 
Pennsylvania, cool in, 469. 

-iron ore in, 439. 

-petroleum in, 475. 

Permeability of iron, 577. 

Petroleum, composition of, 473. 

-determination of sulphur in, 612. 

-origin of, 472. 

-storage of, 477. 

Philippines, coal in, 465. 

-iron ore in, 433. 

- -analysis of, 434. 

Phosphates in basic stag, 537. 
Phosphorus, estimation of, 602. 

PIG IRON, production of, 494. 

-world's production of, 633. 

Pi NTSCII GAS-PRODUCER, 482. 

PlpNEKR BRIQUETTING PROCESS, 451. 
PIPE, prevention of, in ingots, 560. 
Pipemoulding, 519. 
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Pith, iron, corrosion of, 592. 

Porrecn METHOD OF 8 HAFT-SIN KINO, 484. 

Power requirements of rolling-nulls, 628. 

-transmission, stool bolts for, 684. 

Purser vat i on of iron and steel 696. 
Presidential Address of Arthur Cooper, 31. 
Presses, forging, 626. 

Pressure on rolls of rolling-mills, 630. 
Prodcckr-uas, application of, to boiler firing, 483. 
■ - from crude oil, 483. 

Puri, iron beams in Garden Temple at, 200. 
Pyrometer, Tliwlug, 469. 

Pyromrtby, 458. 


R. 

Bail failures, 570. 

Rails, corrugation of, 573. 

-hardness tests of, 573. 

-high-silicon tramway, wear of, 570. 

-nickel-steel, use of, 569. 

-tests of, 572. 

-wear of, 570. 

Rkcalescknck point, fourth, in steel, 584. 

Refractory materials. 463. 

_fusibility and volatilisation of, 454. 

_. physical properties of, 453. 

Refractory walls, flow of hunt through, 464. 

Reheating furnaces, SPECIAL TYPES OF: — 

■ Gordon-Prali, 548. 

-Krocll, 548. 

Hermann oas-producehs, 481. 

Reinforced concrete, teats on, 665. 

Remington gas-engine, 483. 

Representatives, appointment of, 14. 

Rescue appliances. 

Research scholarships, 13. 

RieulE testing machine, 569. 

Roasting, concentration of iron ore by, 452. 
RdeULINO-RnDENHAOSER ELECTRIC FURNACE, 642. 

Roland-Wild calorimeter, 458. 

Roll-draugiiting, 530. 

Rolling iron and steel, 550. 

Rolling-mill accessories, manipulators. 533. 
Rolling-mills, electric driving of, 526. 

_improvements in during post forty years, 44. 

_lighting of, 533. 

-power requirement* of, 628. 

_pressure on roll* of, 530. 

Rolling-mills, special types of 

._reversing, steam-engines far driving (Payer), 335. 

ROMAN iron found at Corstopitum (Corbridge) (Paper), 118. 
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UOSAV BRIQUETTING PROCESS, 451. 
Roumania, tii inrml statistics of. 627. 
Russia, charcoal blast-furnaces in, 503. 

-iron trade statistics of, 627. 

-mineral statistics of, 627. 

-petroleum in. 474. 


s. 

Sam r UNO of urea, 607. 

SAND, moulding, 52L 
Sanitation in oollierie*. 490. 

Scroop method or coating metals, boo. 

SCHUMACHER BRIQUETTING PROCESS, 450, 461. 

SCRAF-DUNDLINQ MACHINE, 536. 

Scrap-iron briquettes, use of, in the cupola, 513. 

Screen i no coal, 492. 

Sea WATER, corrosion of steels in, 253, 275. 

Segregation in castings, 55S. 

-in steel, 560. 

SEMET-SOLVAT BT-PBODUCT COKE OVEN, 471. 

Skrvia. coal in, 463. 

Shaft sinking in iron ore mines, 443. 

-Poetacl) method, 484. 

Shafts, specifications for, 574. 

Shears for cropping ingots, 536. 

SHOCK, influence of rate of, 568. 

Silesia, earl; manufacture of iron in,213. 

SILICA, eatimatian of, 609. 

Silicates, heat formation of, 589. 

Silicon, estimation of, 602. 

Simon-Carves bt-pbodcct recovery process, 471. 

Simpson and Oviatt furnace for direct production of steel, 636. 
Sinhalese iron and steel of ancient origin {Pajxr), 134. 

Slag, analysis of, 607. 

-basic, phosphates in. 537. 

-blast-furnace. 510. 

-corrosion of iron in contact with, 594. 

Slag cement. 511. 

8LAVIANOFF WELDING PROCESS, 553. 

Smoke, estimation of carbon diuzido in, 613. 

- measurement of density of, 461. 

SODKKBEBO ELECTRIC FURNACE, 92. 

Solutions, solid, nature of, 585. 

South Africa, iron ore in, 436. 

-analysis of. 436. 

Spain, iron trade statistics of. 629. 

-mineral statistics of, 629. 

Specifications for iron and steel, 573. 

-for motor-car steels, 576. 

-for steel axles and shafts, 674. 

_for steel reinforcement bore, 574. 
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Staffordshire, early iron manufacture in (foyer), 203. 
Btassano electric runs ace, 607, 542. 

Statistics, 48, 49, 614. See alto umier name* of CmtUrirt . 

-comparative, of coal and iron and steel, 633. 

-of Iron ore, 635. 

-of tungsten, 637. 

-of electric furnaces, 542. 

Steam-engines for driving reversing rolling-mill* (Paper), 335. 
Steel, acid and basic, comparison of qualities of, 561. 

_belt* for power transmission, 654. 

-column with ooncrete filling, tests on, 566. 

-direct production of, 636. 

-electric production of, 538. 

_for guns, manufacture and treatment of (Paper), 237. 

-heat treatment of, 649. 

_bypo-cutectic, osmondite in, 683 

_micro-constituents of, structure of, 583. 

-motor-car, specifications for, 576. 

_for permanent magnets, 578. 

- - production of, 634. 

_products, finished, ontput of, in 1910, 60. 

_rate of diffusion of hydrogen in. 688. 

__reinforcement bars, specifications for, 574. 

-segregation in, 660. 

_special, magnetic properties of, 675. 

_world’s production of, 634. 

Steel axles, specifications for. 574. 

Steel castings, 523. 

Stkei. FOUNDRIES, converters for, 616. 

-oil-fired open-hearth furnaces for, 515. 

Steel. mili>, tests of, 564. 

Stkul wirk, change* in dimnn*ion» ol, when twisted, 567. 
Steelworks, gns-poisuning in, 536. 

•» Step ” process^ 533. 

StouacB of coal, 489. 

Stove plates, casting of, 52X 
Stoves, hot-blast, 497. 

Stresses, determination of, in materials, 56 1 . 

Structure, influence of, on strength of cast, iron, 656. 
SUBSIDENCE, 484. 

8 ULPnun. determination of, in petroleum, 612. 

-estimation of, 602, 609. 

_apparatus for, 60-1. 

•* SULPHUR prists," methods of taking, 380, 385. 

SUUPACR COMBUSTION EXPERIMENTS. 459. 

Surveying, in collieries, 491. 

Sweden, mineral and iron trade statistics of, 629. 


T. 


TAB, sampling, 611. 

Temperature or formation of titanium dioxide, 500. 



















666 


SUBJECT INDEX. 


Temperatures. earth. In oil regions, 478. 

-fine gas, measuring. 401. 

- hardening, of tool steel, 049 

Test-bars, influence of shape of, 559. 

Test-pieces, relation of, to casting*, 55s. 

Testing machines, 569. 

-calibration of, 60S. 

-electric, 568. 

-Arnaler, 669. 

-Kennedy, 569. 

-KiehlJ, 569. 

-Wicksteed, 569. 

Tenting, methods OF, mechanical, 662. 

Tests on boilers, 564. 

- at metals, high frequency, 562 

-of mild steels, 564. 

-of rails, 572. 

-on reinforced concrete, 565. 

-on st-eel column with ooncrete filling, 666. ' 

Thermal expansion of metals, 567. 

THERMtT-WXLDING, 563. 

Thomson electric welder, 552. 

Tnwixo pyrometer, 459. 

Timbbrino in iron ore mines, 144. 

TIN, recovery of, from tinplate scrap, 554. 

Tinplate, composition of raw metal for, 589. 

-scrap, recovery of tin from, 554. 

Tiers, wear of, 572. 

TlTANlFEBors iron ores, analysis of, 610. 

Titanium, estimation of, 611. 

Titanium dioxide, temperature of formation of, 590. 

Tool steel, hardening temperatures of, 549. 

-hardened, influence of boat on (Paper), 358. 

Tramway rails, high silicon, wear of, 57a 

Transformations in iron containing over 4 per cent, of carbon, 685. 
Transvaal, cool in the, 466. 

-analysis of, 4*57. 

Transylvania, natural gas in, 478. 

Treasurer’s report. 16. 

Thoosyith, formation of, 582. 

Tki iha, steelworks at, 304. 

Tubing, manufacture of, 660. 

Tungsten, estimation of, 606,611. 

-properties of, 589. 

-- world's production of, 687. 

Tungsten ore, occurrence of, 441. 

Turkey, ooal in, 164. 

U. 

Uehlinu carbon dioxide recorder. 461. 

United Kingdom. St* Great Britain. 

United States, blast-furnaces in, 605. 
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United States, coal in, 107. 

-foundries In, 524. 

_graphite production of, 630. 

-iron industry of, 631. 

-iron ore In. 437. 

-analysis of, 439. 

-iron trade statistics of. 630. 

-mineral statistics of, 630. 

-natural gas in, 478. 

- petroleum in, 475. 

-production of, 630. 

_rolling-mills In, 531. 

-steelworks in, 536, 537. 

Utah, petroleum In. 475. 


V 

Vanadium, estimation of, 611. 

-influence of, on cast iron, 557. 

-properties of, 689. 

Vanadium, uion, and carbon, chemical and mechanical relations of (Paper), 
215. 

Vanadium ores, occurrence of, 442. 

Ventilation in collieries, 488. 

Volatilisation of refractory materials, 454. 

Volume CHANGES in cast iron during cooling, 555. 

_as an indication of strength of cast iron, 556. 


w. 


Washington, coal in, 469. 

Weak op rails. 5*0. 

-hlgh-sllicon tramway, 570. 

WliAB OP tires, 572. 

Welding, autogenous, 552. 

_blowholes ami oavities in steel Ingots (/tyre). 104. 

-cyclone oxy-acetylene, 502. 

-electric, 551. 

-Be card c»» process, 553. 

-K jellbcrc process, 551. 

--SUrianoff process, 553. 

-thermit, 553. 

_- Thomson electric welder, 552. 

.-Zerener process, 553. 

Western Australia, mineral statistics of, 61C. 
WEST1NOHOU8B GAS-ENGINE, 483. 

Whitworth process of fluid compression, 310. 
WlCKSTHKD testing maciiinb, 569. 

Winding appliances, 487. 

Winding engines. 486. 

Wire, steel, changes in dimensions of, when twisted, »6c. 
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WOOD, distillation of, recovery of by-product U» the, M9. 
WOOTX 8TKHL, 144. 


Y. 

Yield POIST. definition of, 5CC. 
Yobkshiue, oil-sbnle in, 473. 

Z. 

Zeeexeu weldikg mores®, 053. 
ZSCHOCKK Q AH CLEASKB, 006. 


NAME INDEX 


A. 

Abbott. Robert Rowell, elected member, 2. 

Abels, C., on crashing slag, 511. 

ABLETT. C. A., on oleotrio driving of rolling-mills, 52(1, 527. 

AdArmeu, H., on use of scrap-iron briquettes in the cupola, 673, 

Adamson, £.. on electric furnaces, '.*2. 

Ahrens, A. 8., on electric driving of rolling-mills, 528. 

Ainsworth, G., vote of thanks by, 29. 

Ariraoiaos, i..— 

Paper on “ The solubility of comentite in hardenitc.” Set Arnold. J. O. 
AMICETZ. M., un cupola construction, 512. 

AlkXANDERBON. E. F. W., on permeability of Iron, 577. 

Allen, C. A., on vanadium deposits of New Mexico, 442. 

Allen. E. T.. on laboratory equipment, C57. 

' ALLEN, H„ on utilisation of blast-furnace gas, 500. 

Allen, Henry Butler, elected member, 2. 

Allen, l. C., on composition of petroleum, 473. 

-on conservation of natural gas by liquefying, 478. 

AlleynE, Sir John G. N., Bart., obituary notice of, 400. 

Allott, W„ obituary notice of, 408. 

Anderson, G. E., on iron trade statistics of China, (119. 

Andres. G. E.. od foundry costs, 525. 

A nulls d'Achiac, P., an blast -furnace reactions, 495. 

-on iron and steel industry in the north of France, 024. 

-on world’s supply of iron ore, 635. 

ARCHBtrrr, L., on influence of beat on hardened tool steels 378. 

Armstrong. H. E., on mechanism of corrosion, 269. 

Arnold, J. 0.. on a fourth recalcscence point, 584. 

-on Iron and steel of ancient origin, 174. 

-on welding up of blowholes in steel ingots, 114. 

Arnold. J. O., and L. Aitciuson— 

Paper on " The solubility of cementite in hardenite,” 235; method of heating 
and quenching, 235; absorption curves, 237; preparation of microseotions, 
237; remarkable quenching phenomenon, 231; theoretical considerations, 
239.— PucHttion: W. Rosenhain, 240; J. E. Stead, 240 ; O. A. Edwards. 243; 
Sir Robert Hadfieid. 244 ; W. H. Halfleld. >44 ; W. J. Foster. 244.—CW- 
tpondenct: H. Le Chatelier, 246. 

Arnold, J. 0., and A. A. Read— 

Paper on “The chemical and mechanical relations of iron, vanadium, and 
carbon,” 213; introduction, 215; method of manufacture of authors’ steels, 
218 ; chemical compositions of authors’ series, 218; determination of the 
carbides. 219; turning characteristics of the alloys, 222: mechanical pro¬ 
perties. 223; alternating stress tests. 223; mic'rojrraphic analv.is, 223; 

1911—i. 2 U 




670 


NAME IS HEX. 


recaieseence observations, 223 ; quenching experiments, 223.—JMitiiis&m : 
E. H. Saniter, 227; V. Bogeis, 227 : W. Kosenhain, 228; J. K. 8te.nl, 230 ; 
C. A. Edwards, 230 ; T. Tamer, 231 ; W. H. Hatfield, 231 .—Corrttpondenet 
K, Rogcr«. 232. 

A ns em, W. C., on graphite, 466. 

-on transformation of carbon Into graphite, 587. 

Ashley, O. A., on bauxite, 456. 

Aston. J., on magnetic properties of special steels, 676. 

ASTON, K. U.. on use of liquid fuel, 476. 

Atwood, W. W.. on coal in Alaska, 467. 

-on jietroloum In Alaska, 475. 

AtJCinr, G., on estimation of sulphur, 602. 

Achl, C. B., on therm it-welding, 553. 

At’OUSTtN, H., on estimation of carbon in Iron and steel in the electric furnace, 
601 

At'/.IKS, J. A. A., on briquetting iron ore and flue dust, 450. 


B. 

Bahxby, L W., on estimation of calcium oxide, 610. 

BAIt.LY, on estimation of iron ore in German Lorraine. 621. 

Baker, i>.. on blast furnace construction, 494. 

Ball, L. C„ on coal In Queensland, 469. 

BAM LETT, A. C„ obituary notice of. 409. 

Balk hr. James, elected member. 2. 

BARKER. 8. G., on the iron-carbon system, 586. 

Barbois, C., on deposits in the Nord coal-field, 463. 

Bauer. O., on corrosion of Iron in contact with slag, 694. 

-on segregation in steel, 660. 

Baumgabtex, K., on orr handling, 445. 

BaurikdaL, F„ on gas-producers, 481. 

BELL, Sir llngh. on iron and steel of ancient origin, 173. 

- Paper on “ A bloom of Roman iron found at Corstopitum (Corbridge)." I ]8 ; 

position of Corstopitum, 118; smelling of iron ore by the Romans, 119._ 

Sole by Profater II. Louit: origin of iron bloom. 130 .—.Sate b v j. A'. 
Stead : microscopical Investigation of bloom. 121 ; furnace in which bloom 
wna found, 124; chemical analysis. 127. —Corretpmdenee : H. Louis 12U • 
G. Turner, 130 ; K. Haverfleid. 132 ; J. E. Stead, 133. 

- remarks by, on Presidential Address, 24. 

Benedick*, C., on iron and steel of ancient origin, 176. 

Bbxexb, on briquetting of iron ore, 451. 

Bennett. Ellis H.. elected member, 2. 

Bentley. J. Lloyd— 

Payer on “ The corrosion of nickel, chromium, and niokel-ohromiom steeU." 
See Friend, J. X. 

Paper on “The mechanism of corrosion." See Friend, J. X. 

BcitcftTBOjI, H., on by-product recovery in the distillation of wood, 469. 

P.tRLEY. Samuel, elected member, 2. 

BLANK, Otto, elected member, 2 
BLATCHLKY, R. I", on petroleum in Indiana, 475. 

Blast, A., on ooal in Austria, 463. 

_— on ooal in Servia. 463. 

BLECKLY, W. H., obituary notice of. 495. 
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Bleisingkr. A. V., on tests of firebricks, 455. 

Boia,, G.. obituary notice of, 409. 

Bokb, C., on gas-producers, 482. 

Bose, W. A., on surface combustion experiments, 459. 

Boxnerot, S., on case-burdening. 544. 

-on rate of diffusion of hydrogen in steel, 588. 

BAHXkckx, H., on beat treatment of steel, 549. 

Boudouard, 0-. on magnetic properties of special steels, 675. 

BorVARl), G., on steelworks in France, 535. 

Bowman, U. L-, on laboratory equipment, 607. 

Boyle, J. J„ on estimation of manganese, 605. 

Bbaysuaw, 8. N., on liardening furnaces, 547. 

_on hardening temperatures of tool steel, 550. 

-on influence of heat on hardened tool steels, 378. 

Brkabley, H., on heat treatment of steel, 549. 

-on steel castings, 523. 

Bkbgkr, C. L., on origin of petroleum, 473. 

Bukyrk, A., on asphyxiation by blast-furnace gases. 302. 

Briggs, H.. an gases in mines, 488. 

BRISToX, P. H- M--P., on estimation of manganese, 609. 

BBONlirwan, W-. on appliances for mctallograpby, 579. 

Brooks, A. H„ on iron ore in Alaska, 437. 

Bbowk, G. H.. on tests of firebricks, 455. 

Brows, J. 1*. K.. on coal in the Transvaal, 466. 

-on methods of working coal, 486. 

Brows, M-, on colorimetry, 458. 

Brows. P. B., appointed scrutineer, I. 

BROWS, P. 8., on preservation of iron and steel, COO. 

Buck, R.. on utilisation of blast-furnace gases in open-beartb furnaces, 500, 
BULLE, G-, on hot-blast stoves, 497. 

Bullkxb, D. K., on formation of troostite, 682. 

Burgess, 0. F-, on magnetic properties of special steels, 576. 

Burgess, K., on melting points of metals, 591. 

BURR, F. !>., on mcth"d» of working coal, 486. 

-on timbering in iron mines, 444- 

BuitR, IV. H-, on tests on a steel column with concrete filling. 566. 
BURRELL, G. A., od analysis of mine gas, 613. 

-on conservation of natural go* by liquefying, 478. 

-on natural gns in South California, 478. 

Burrows. G. J.. on corrosion of steel in water, 691. 

Bttot, on utilisation of low-grado fuel, 460. 

Byers. H- G.. on magnetic properties of nickel and iron, 577. 

_on passivity of iron, 596. 

-on passivity of nickel, 596. 


o. 

CADMAX, J., on coal-dust experiments, 489. 

Cain, J. R., on separation of chromium, 604. 
Caldwell. G. &, on methods of working coal, 486, 
CAUAS. J„ on oemoodite in hypo-eutectic steels, 583. 
Cameron. W. Hm on accidents in foundries, 525. 
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Campion. A., on metallography and mierostructare of metals, 582. 

CA5ARI8, C., on prevention of pipe In ingots, SCO. 

CAflTO. C. E.. on petroleum in Assam, 474. 

CAPLEX, Tom, elected member, 2. 

CAPPS, S. R., on coal in Alaska, 468. 

CapRon. A. J„ on manufacture and treatment of steel for guns, 3.12. 

-on steam-engines for rolling-mills, 352. 

Carpenter, H. C. H., on growth of oast, iron, 558. 

Catlett, C., on composition of cool, 462. 

Cave, H., on autogenous welding, 552. 

Chappell, C.— 

Faprr on “The influence of carbon on the corrodibility of iron/' 270; 
general scheme of investigation, 270; production and composition of the 
steels, 271 ; details of treatments, 272; corrosion tests, 273 ; microscopic 
analysis, 287; microscopic examination after corrosion. 287 ; solubility. 202 ; 
summary, 292.— IHteuuion : T. Turner, 294.— Corrrtpondnirr - J. W. Cobb, 
294. 


Chaupy, G., on case-hardening, 544. 

-on rate of diffusion of hydrogen in steel, 588. 

Chauvenet, R., on calculation of furnace charges. 496. 

Cheney, E. J., on electric driving of rolling-mills, 527. 

Cho-Yanu, on Chinese blast-furnaces, 604. 

Choblton, A. E. L-, on gas power in collieries, 485. 

CiBKKL, F., on graphite, 456. 

C LAMER, G. H., on iron, nickel, and copper alloy, 587. 

CLARK, H. H-, on mine surveying, 491. 

Clabbx, Bernard, elected member, 2. 

Clifford, J. O., on vanadium ore deposits in New Mexico, 442. 

Cloez, on origin of petroleum, 473. 

CORE, J. W., on influence of carbon on the corrodibility of iron, 294. 

Coblemii, H. R., on autogenous welding, 552. 

Coe, Henry Ivor, elected member, 2. 

COHEN, j. B., on oil-shale in Yorkshire, 473. 

Coker, E. G„ on determination of stresses in materials, 567. 

Comstock, II.. on concentration of iron ore, 449. 

Connor, G. R., on gases in mines, 488. 

Costeen. H., on blast-furnace gas meters, 501. 

CootJDGE, W. D.. on properties of tungsten and molybdenum. 589. 
Coomakaswamt, A. K.. on Indian iron and steel of ancient origin, 176. 

_on Sinhalese iron and steel, 150. 

Cooper. Arthur. Induction of, into Presidential Chair, 22. 

-on electric furnaces, 92. 

- Prriidrntial Addrru, 31; introductory remarks. 31; improvements during 

1871-1910 in Bessemer and open-hearth pn cesses, 33 ; by-product ooke- 
ovens, 39 ; blast-furnaces. 40 ; steelworks, 42; output of ingot* in the world 
in 1880, 1890. 1000. 1910, 4S-I9: output or finished steel products in 
1910, 50. 

—-rep*! to vote* of thanks by, 26, 30. 


-vote of thanks by, 29. 

Corral, J. I. del, on iron ore in Cuba, 440. 
C 08 TE, E., on origin of petroleum, 472. 
Coventet, T., on geology of coal, 462. 
Cox, J. S., on ore handling, 445. 
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Crawtoro. R-, on rescue appliances, 490. 

CluariKLD, J. A. P„ on composition of coal, 463. 

Cboslaxd, J. F. L-, on failure of a crank shaft, 564. 

CROSS, William, appointed scrutineer, 2. 

GUBILLO, L_ 

Paper ou “ Manufacture and treatment of steel for puns," 297; conditions 
of tbo steel required for pun construction, 298; melting of tha steel, 301 ; 
heat treatment, 312 ; hardening and tempering. 320; cooling curves and 
micrustructurcB. 328.—Ciinmion.- A. Greiner, 330 ; J. M. Gledhill, 331 ; 
W. U. Ellis, 331; A. J. Capron, 333. 

CtlNXIHOUAM, W. U., on gases in mines, 488. 

Ccniux, F. F. V., on carnotite deposits of Colorado, 442. 

CllSHM AX, A. S.. on estimation of oxygen, 601. 

-on iron and stoel of ancient origin, 177. 


D. 

Darby. J. H., award of Bessemer Gold Medal to, 23. 

-biographical notice of. 23. 

Darbix, M„ on passivity of iron, 596. 

Dautmchr, on explosives and blasting in iron ore mines, 443. 
Pavey, Edward, elected member, 2. 

Dim, G. H„ obituary notice of, 409. 

Davies, C„ on estimation of sulphur, 609. 

Davies, C. A., on utilisation of peat, 469. 

Davies, R. 8., on analysis of ferro-boron, 610. 

Davies, Stanley Richard, elected member, 2. 

Davy, U. on iron ore in France, 431. 

Dawkins, Crowell T., elected member, 2. 

Pay, D. T., on production of petroleum in the United States, 630. 
Pelametek, G. R., on coal washing, 492. 

PenoilksT, D. J., on estimation of manganese, 609. 

-on estimation of vanadium, 611. 

DBXXISOX, L. G.. on American foundries, 524. 

-on autogenous welding, 552, 

Desch, C. H., on crystalline structure of metals, 579. 
Devonshire, Duke of, remarks by, on Presidential Address, 23. 

-reply to vote of (hanks by, 21. 

DICKENSON. Ernest Lawrence, elected member. 2. 

Dibckmaxx, T„ on arsenides of iron and manganese, 588. 600. 

-on ferro magnetic compounds of manganese, 587. 

Dikii t. A. X.. on bot-blast stoves, 497. 

_on utilisation of blast-furnace gas, 500. 

Pit.WORTH, J. 1L, on coal in Kentucky. 468. 

Dixie, E. A., on hardening furnaces, 547. 

DtXOX, C„ on methods of mining iron ore, 445. 

Ducos, W-. on electrio furnaces. 91. 

--on steam-engines for rolling-arils, 353. 

Dobbklatein, on utilisation of low-grade fuel, 460. 

Doxath, E., on corrosion of iron in concrete, 695. 

PRITMMonu. Thomas J., elected member, 2. 

DrxrrAS. W. R., on possivtiy of iron, 595. 
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Durand. E. D., on iron trade statistic* of the United States, 631. 
DtJXK, A., on coal-dust experiments. 4X9. 

Di'Sbkht. on iron ore in Algeria, 434. 

-on mineral statistics of Algeria, C22. 


E. 

Eabtham, J. H., on foundry patterns and moulding, 519. 

-on special castings, 522. 

Edwards, C. A., on chemical relations of iron, vanadium and carhon, 230. 

-on nature of solutions, 585. 

-on solubility of cementite in hardenite, 243. 

Edwards, G. K., on equipment of iron ore mines, 444. 

Ehrenbebg, on shaft-sinking in collieries, 484. 

Elliott, Thomas Gifford, elected member, 2. 

Ellis, \V. H., on manufacture and treatment of steel for guns, 331. 
Emmons, J. V., on heat treatment of steel, 549. 

Emtebdeb, E. von, on reinforcements of ooncrete with cast iron, 566. 
EndBLL, kI, on manufacture of firebricks, 455. 

Enulkb, on origin of coal. 461. 

-on petroleum in China, 474. 

Ekglrn, C., on origin of petroleum, 473. 

Estep, H. C., on American foundries, 524. 

_on methods of mining iron ore, 445. 

Etbebington, J., appointed scrutineer, 2. 


F. 

FALCK, G. E-, elected Honorary Vice-President, 15. 

FALK, Gordon Sands, elected member, 2. 

Fannino, P. H., on iron ore in the Philippines, 433. 

FaRBINOTOS. O. C., on analyses of meteorites, 443. 

Fawbitt, C. E., on corrosion of steel in water, 591. 

FkaRSEHOUGU, William, elected member, 3. 

Feldmans;, K.. on transport and storage of natural gas. 478. 

_on utilisation at natural gas, 478. 

Fermob, L. U, on origin of iron ores of 8wedish I upland, 390. 
Fbhxald, R- H-. on gas-producers. 482. 

Ftar, 0.. modification of Bertholot-Mahler colorimetric bomb by, 45s. 
Fieldks, F., on gas-producers, 480. 

Finlay, J. R., on economics of ore mining, 446. 

FINK, C. P., on oil-shalo In Yorkshire. 473. 

FlBitER, W. L.. on coal in Alaska, 468. 

Fitzo beard, K. A. J., on electric furnaces of special types, 542. 

_on physical properties of refractory materials, 453. 

FLKGEL, on iron ore in Great Britain, 431. 

Fleibsseb, H-, on composition and uses of blast-furnace slags, 510. 

■ on slag cement, 511. 

FUEOEL. G-, on coal in Germane, 463. 

FoSTKB, C. E, ou pyrometry, 159. 

Foster, W. J-, on solubility of cementite in hardenite. 211. 
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Foster, W. J.. on welding up of blowhole# in steel ingot*. 1M. 

Foucar, J. L.. on estimation of sulphur, 609. 

Fox, Edmund John, elected member, 8. 

Krancq, Alfred, elected member. 3. 

Franklin, J. 8 ., on shaft-sinking in collieries, 484 
Frank, K., on cool in Austria, 463. 

Fraser, 1,., on economic* of ore mining, 446. 

Fraeek. J. 0. W., on apparatus for analysis of furnace gases, 612. 

FRKUH, F., on coal reserves of Germany, 624. 

Frechette, H., on iron ore in Canada, 436. 

Frkixut, G., on recovery of iron from foundry waste, 514. 

Fbi.MiiMT, C., on tests of rails, 5T2. 

Frick. 0., on electric smelting of iron oro, 507. 

Friedrich, K., on heat treatment of steel, 540. 

-on lalKiratory equipment, 606. 

Fkikhd, J. N\, on (laseivity of iron, 596. 

Friend. J. N.. J. L. Bkntlky. and W. West— 

Paper on “The corrosion of nickel, chromium, and nickel-chromium 
steels,” 249; tap-water testa, 250; sea-water tests, 252; sulphuric acid 
tests, 252; alternate wet and dry tests, 253; discussion of the results, 254. 

- Paper on “ The mechanism of corrosion," 259; the corrosion zone, 259; 

the mechanism of corrosion, 265; conclusions, 268.— IHecuuim: H. E. 
Armstrong, 269. 

Fry, Sir Theodore, Bart., obituary notion of, 410. 


G. 

Galloway, W., on ooal-dast experiments, 43*. 

Garland, C. 51.. on gas-producers, 481. 

Oarsman. H. M., on lighting of rolling-mills, 533. 

GaLthr. A., on estimation of titanium. 611. 

Gebcke, F., on estimation of carbon in ferro-ebroroium, 608. 

GkRstkn, E-, on heat of formation of iron carbide, 586. 

GlLLOK, H., on by-product coke oven practice, 471. 

GlLMOST, E. B., on moulding sand, 521. 

GlkdhtlL, J. M., on manufacture and treatment of steel for guns, 330. 
GlOcknrR, on origin of coal, 461. 

GoncKR, O., on fusibility and volatilisation of refractory materials. 454. 
Goerens, Paul, award of Carnegie Gold Medal to, 26. 

__biographical notice of, 27. 

Goodalk. S L., on mine supports, 484. 

Goodin, B. J., on coke manufseture. 471. 

Gordon, W, on influence of shape of test-bars. 559. 

GotrVY. A-. on utilisation of blast-furnace gas, 500. 

Govt, C. C., on the Nathuaius electric furnace, 90. 

Grave. E., on the passivity of metals, 596. 

G “ AVt /-apL on “The early use of iron in India,” 1»7; introduction, 187; tho 
iron pillar at Dhar, 188; the iron beams at Konarak, 194; iron beams at 
the GundicU-BSri or Garden Temple at Pori, 200. 

Guay, J. G., on magnetic properties of special steel*, 576. 

GREEN, H. 8., on foundry equipment, 514. 
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Gubin EH. A., on manufacture and treatment of steel for gun*. 330. 

-on tbe Nathusius electric furnace, 93. 

-on steam-engines for rolling-mill*. 353. 

-speech at dinner by, 398. 

Grierson. J., on wear of rails, 571. 

Gbise. H. A., on producer-gas from crude oil, 183. 

Ghol t, F. F.. on composition of cool, 462. 

Guillain, A. on production and consumption of iron ore in German and French 
Lorraine, 620. 

GUILLRAFME, C. E., on expansion of nickel steel, 569. 

GtniXKUV, R., on application of the aphegraph to shock-testing machines, 568. 

-on new methods of mechanical testing, 562. 

Gcilltct, L., on case-hardening, 544. 

Gfl.UVKn. G. H . on influence of shape of test bars, 559. 

Gl'MBcnz. A. von, on fcrro-silicon explosions, 591. 

Gwiggkkb, A., on by-products from gas-producers, 483- 
Gwosdx, on gas-producers, 482. 


H. 

Hadfihld, Sir B. A.— 

Paper on “ Sinhalese iron and stenl of ancient origin,” 135. Section A _ 

Introduction. 134. Section B —Opinions of various authorities with regard 
to the so-called iron and bronze ages, 142. Section C~ Remarks on paper 
communicated in 1795, by Dr. Pearson, K.R.S., to the Royal Society, on 
Indian Woota steel, 144. Section 0 — Heath and others on “ Indian and 
Sinhalese iron and steel,'' 148. Section E —Delhi and Dh&r pillars in India, 

153. Section F—Remarks by Messrs. Osmond and Masp'ro, 158. .Sn-tion G _ 

Hardness retentivity of ancient specimens of iron and steel, 162. Section II 
—Description of research experiments, 163. Sri ton /—Cunclusion. 169 ; 
Bibliography, 170. —Pwetunon: Sir Hugh Bell, 173.— Vnrretjxmde-nce J. o! 
Arnold, 174; C. Benedicks, 175; A K. Coomaraswamy, 176 ; A. 8. Cushman, 
177; H. Lr C ha teller, 180; 1. E. lister, 180; W. M. Flinders Petrie, 182; 
V. Smith. 183; T. Turner. 1S4. 

_speech at dinner by, 399. 

Hall, J. W.— 

Paper on “Steam-engines for driving reversing rolling-mill*.’' 335; duty 
demanded of an engine, 335 ; compound engines, 337 : the turbine, 338; the 
piston engine. 339 ; indicator diagrams, 339 ; three-cylinder engine, 343 • 
steam pressure, 347,— Buctuoion: A. Lambcrton, 351 ; A. J. Cattron 359: 
J. H. Harrison, 353; W. Dixon. 353. * ' ’ 

Hambly, Percy Noel, elected member. 3. 

Hamilton, R., on cleaning of blast-furnace gasr-s, 502. 

Handy, J. 0., on concentration of iron ore by roasting, 452. 

HaNocq. C., on haulage of iron ore, 445. 

Hassell, N\ V., on briquetting of iron ore, 450. 

HARDEN, J., on electric furnaces of special types, 542. 

IIardkk, R. C„ on iron ore in Braxll, 439. 

Hardtmas. T. F-, on foundry patterns and moulding, 519. 

Harman, E- A, on storage and heating of coal, 490 

Habbisos. D„ on lighting of roUing-miUs, 533. 

Habbisos. G. B„ on accidents in coal mines, 488. 

HABBISOS, J. H., on steam-engine* for rolling-mill*. 352. 

Hauri*' 1 *- w B-. obituary notice of. 410. 
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Hatfield, W. H., on clicmloal relation* of Iron, vanadium and carbon, 231. 

-on solubility of cementite in hardenite, 244. 

H avkrkield, F.. on bloom of Roman iron found at Corslopitutn. 132. 

Hawdob, W.. vote of thanks by. 25. 

Hayden, J. U R.. on electrolytic corrosion, 593. 

Hayward. C. R., on appliances fur metallography, 579. 

Head, B. W., on blast-furnace operations, 496. 

-on open-hearth practice, 534. 

HeaddeN, W. P., on meteorites, 443. 

HrATH, on Indian and Sinhalese iron and steel, 143. 

HEATHER, H. J. S., on winding-engines, 487. 

Hkczko, A., on estimation of sulphur, 610. 

Hkdley, R. R., on coal in Canada, 467. 

Herrs eu, II., on analysis of titaniferuus iron ores, 610. 

HkMPSEL, W., on chemistry of ooko, 470. 

HeNDEB£(>N, H. G., on mine surveying, 491. 

Henby, K. G-, on coal washing, 492. 

Hefplk WHITE, W. H., on mine supports, 485. 

Herbert. K G.— 

Paper on “ The Influence of beat, on hardened tool steels," 358; reference 
to previous investigations, 358 ; object of paper, 359; nature of actions tend¬ 
ing to wear or blunt a cutting tool, 360; method of testing toughness, 361; 
method of ascertaining hardness of specimens, 364; results of breaking 
tests, 365 ; durability-temperature curves, 371; importance of the time factor 
in the hardening of high-speed steel, 373.— Ditciution : L. Archbutt, 378.— 
Camtpandtnet; 8. N. Bratshaw. 379; A. Greiner, 353; T. 0. Hutchinson, 
354. 

HEBD6MAB, W. H., on origin of iron ores ot Swedish Lapland, 390. 

HektnG, C., on consumption of electric energy in electric steel furnaces, 538. 

-on electric furnace construction, 538. 

-on flow of heat through refractory walls, 434. 

-on nomenclature of the oxides of carbon, 613. 

Uehiot. K. M., on shaft sinking in iron ore mines, 443. 

HekkmaS, M., on pressure on rolls of rolling-mills, 530. 

Uerkox, J. H., on heat treatment of steel. 549. 

HetM, on dry air blast, 498. 

Hey 8, K., on corrosion of iron in contact with slag, 5U4. 

-on segregation in steel, 660. 

Huts as. W. Christie, elected member, 3. 

Hlt.L, Cyril Francis, elected member, 3. 

HILL. Henry George, elected member, 3. 

Him., J. K., ou passivity of iron, 595. 

HlLLEBRABD, W. on laboratory equipment, 607. 

HlLl'KKT, S., on arsenides of iron and manganese, 588, 60®. 

_ on ferro-magnetio compounds of manganese, 587. 

HtoUTtl, A., on electric furnaces of special types. 542. 

HirKINS, W. E., obituary notice of, 411. 

HlUSt'HI. on origin of petroleum. 473. 

Hoeffeb. on petroleum in China, 474- 
HOEUB. A 1*. on gas-engines, 483. 

Horen, von. ou earth temperatures in oil regions, 476. 

HOYT, H.. on utilisation of blast-furnace gas, SOU. 

HorrilANN, E. J.. on apparatus for analysts of furnace gases, 612. 
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Holden, J., on use of liqnid fuel, 476. 

HoLLEMDKR, an explosion in collieries, 489. 

Holt, F. von, on utilisation of blast-furnace gas, 500. 

Holt, R. B.. on wear of high-silicon tramway rails, 570. 
UoLznDTTEB, E., on briquetting of iron ore and flue dust, 461. 
Hooper, G. B-, on annealing furnaces, 648. 

HopKINSON, B., on high frequency tests of mutals, 562. 
Horxaday, W. D., on composition of coal. 4»>2. 

Howard, J. K., on tests on bailers, 564. 

-on wear of rails, and rail failures, 571. 

Howe, H X., on metallography and microstroeture, 581. 

-on nomenclature of microscopic constituents, 578. 

Howell, S. M., on artificial crystallisation of carbon, 58a. 
Hotkb, on manganese ore in Spain, 441. 

Heart, Baron U. d', obituary notice of, 411. 

Ht’OHCB, J. 8., on •* burtiing-on" In the foundry, 522. 

HrwllES, Ralph T., elected member, X 

Hutchinson. T. C., on steam-engines for rolling-mill*. 354. 


L 

Tbrotros, E. C., on electric furnaces, 87. 

-on nlectro-magneta for handling material. 551. 

Inostzanzrfp, A. A., on native iron ore, 440. 
Tpatien, W., on origin of petroleum, 473. 
lEAT, Andrew, elected mombor, 3. 


J. 


Jacobs, H. W., on autogenous welding, 552. 
Jacobs, W. a., on composition of petroleum, 473. 

J AO st'H, E., on history of Iron, 609. 

Jambs. G. D., on petroleum in Utah, 475. 

Jenkins, Ivor O, elected member. 3. 

Johanssen, 0,.on casting of stove plates, 523. 

-on cleaning of blast-furnace gases. 532. 

_on history of iroo, 508. 

Johnson. R. G., on shaft-sinking in oullierio*, 484. 
JoasA, M., on Russian charcoal blast furnaces, 503. 


K. 

Kaiser, H., on temperature of formation of titanium dioxide, 590. 
KAVL, A-, on estimation of carbon, SOI. 

Kaybkr, Charles William, elected member, 3. 

Keen, W. H., on comparison of qualities of basic and acid steel, 5«l. 
Kknuick. John Painter, elected member, X 
KkNTNOWSKI, H, on annealing furnaces, 548. 

Kern, on magnesite, 456. 
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Kerb, E. W„ on u« of liquid fuel, 477. 

Kershaw, J. B. C„ on electric smelting of iron ore, 807. 

-on surface combustion experiments, 489. 

Ressner. A., award of Carnegie Scholarship to, 27. 

-biographical notice of, 28. 

KlHFEk, Herman Guy, elected member, 3. 

Kinuelan, V., on iron ore in Cuba, 440. 

Kisder, H., on deposition of carbon in the blast furnace, 496. 

-on estimation of sulphur, 603. 

Kitsoe, Henry Herbert, electee] member, 3. 

K luo li. B. G., on Dwight and Lloyd process of sintering, 481. 
Knox*, J. M., on concentration of iron ore by roasting, 462. 
Kohlmann. on iron ore reserves of Lorraine, 621. 

Kortkn, K, on melting ferro-manganese in the electric furnace, 641. 
Kuugcs, F., on origin of coal, 461. 

KCCZYNSKI, T., on estimation of tungsten, 606. 

Kukuk. on coal in Germany, 463. 

Kuan, H., on sanitation in collieries, 490. 


L. 

Lacroix, on ventilation of collieries, 488. 

Lake, E. F„ on steel castings, 523. 

LAKE, W. H., on electric driving of rolling-mills, 628. 

LAKES, H., on timbering in iron ore mines, 444. 

Lambhkton. A., on steam-engines for rolling-mills, 351. 
Landis, W. S., award of Carnegie Scholarship to, 27. 

-on briquetting of iron ore and Sue dust, 450. 

Lake, H. XL, on foundry cores, 620. 

-on portable cupola for emergency work, 612 

LANGE, E. F„ on crystalline structure of steel. 880. 

LaNGER. M., on utilisation of blast-furnace gas, BOO. 
LasoHBINRICh, E., on blast-furnace operations, 496. 

Lasius, J, on casting of stove plates, 623. 

I.aBskowski, J., an composition of raw metal for tinplate, 689. 
I.avelaye, Baron do, on history of iron, 608. 

Leber, K., on cupola practice. 513. 

_on strength of materials, 569. 

Lb Chathukr, H., on appliances for metallography, 679. 

__on iron and steel of ancient origin, 180, 

_on solubility of oementite in hardenite, 246. 

Lbcoktk, on pyrometry, 458. 

LkfplER, J. A., on electric smelting of iron ore, 507. 

Lkiser, H., on world’* production of tungsten, 637. 

Lbitu, C. K., on iron ore In Brazil, 439. 

Lemaxbk, E-, on .lighting of collieries, 488. 

Lb Mmsurikb, H. W, on petroleum in Newfonndiand, 474. 
Let axe, A., on gases In mines, 488, 

LuraiNCK-RiNGurr, on methods of working coal, 486. 
l.BSTER. 1. E., on Indian iron and otoel of ancient origin, 180. 
Lester, Walter, elected member, 3. 
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Lrvts, M., on blast-furnace reactions, 495. 

-on composition of blast-furnace gases, 499 . 

Levy, L. A., on estimation of carbon monoxide, 612. 

Lewes, V. B.. on chemistry of coke, 470. 

Lewis, J., on history of Iron, 508. 

Lewis, W„ on moulding machines, 521. 

Likbeiok, K., on preservation of iron, 697. 

Lliutq, F., on chemistry of ooke, 470. 

Linuu, G., on dolomite, 458. 

Lindqrkn, J. JL. on estimation of nickel, Hits. 

Lifts, W., on electric furnaces of special type, 542. 

Liston, J., on equipment of iron ore mines, 444 . 

Lohmaxn, D,, on determination of sulphur in petroleum, 612. 

Lomax. J., on microsoopicoi cxaminalion of coal, G12. 

Lokgbotiiam, J., obituary notice of, 412. 

Losumuir, on cupola practice, 513. 

Lonukiouk, M., on explosion in gas-producer plant, 482. 

Lopi'i, K., on tho Schoop method of coating metals, 600. 

Louis, H., on bloom of Roman iron found at Corstopitum, 129. 

-on concentration of iron on*, 448 . 

-rote of thanks by, 29. 

Loxaso. R. S.. on iron ore in Cuba, 440. 

-on occurrence of tungsten ore, 441. 

LUCAS, A. F., <m sulphur oH-lields of the Coastal Plain of the United States, 475. 
U’RXAXS, F. W.. on enrichment of blast with oxygen, 498. 

LUSH, A. H., on coni briquettes, 492. 


M. 

McCUNTUCK, A. E., on foundry patterns and moulding, 519. 
McCormick. B. T., on electric driving of rolling-mills, 52s. 
McCoUKT, 0. D., ou surface combustion experiments, 459. 
M'Cullum, J., obituary notice of, 412. 

M'Dokjiia., A. E. H., on petroleum in Russia, 474. 

MgKvoy, J., on coal in Canada, 467 

M' I, AREN, W. 8 . B., obituary notice of, 412. 

McLeish. J., oo iron and steel production of Canada, 618. 

-on mineral production of Canada, 618. 

Maorudek, \V. T. f on cleaning of castings, 623. 

Main-price, Max Rnyner, elected member, 3. 

Maluoch, G. 8 .. on coal in Canada, 467. 

ManchOT, W-, on analysis of titaniferous ores, 610. 

M aiitki.l, on history of cool-mining, 491. 

Martens. A., on calibration of testing machines, 568. 
Martin, \V„ on properties of vanadium, 5S9. 

Majitos, G., on small ingots, 534. 

Maalino, K., on iron ore in Germany, 431. 

M.vsptRO. on existenoo of ancient iron and steel, 159 , 
Mather, R., on moulding sand, 621. 

Mathksius, on history of iron, 510. 

Matti.VSOS, H., on wear of rails, 572 






NAME INDEX. 


681 


Mat, W. on cupola construction. 512. 

-on foundry cores. 530. 

Meade, M.A.. on preservation of iron and steel, 596. 

M riiUTKNS. J., an briquetting of iron ore, 451. 

MbssebsCHMItt. a., on use of scrap-iron briquettes in the cupola, 513. 

-on volume changes as Bn indication of strength of cast Iron, 556. 

-on volume changes in cast iron during cooling, 555 . 

Meteokr, J. J., Jun., on foundry cores, 520. 

Meinier, S., on meteorites, 442. 

MnraiCE, A., on sampling of cool, 512. 

Meter, on gas-producers, 482. 

Miles, J. B., on dry-air blast, 498. 

Miller, G. W., on origin of ore deposits, 430. 

Mills, F., vote of thanks by, 21. 

Mitchell, George William, elected member, 3. 

Mi.ttek, W. Q.. on temperature of formation of titanium dioxide, 590. 
Moldhxiiachr. on winding-engines, 480. 

Moldesuaceb. on estimation of silica, COS. 

Moos, George 0., elected member. 3. 

MtutoAN. A. F.. on magnetic properties of nickel and iron, 577. 

--on passivity of nickel, 596. 

Morin, on earth pressures in collieries, 481. 

SIoltitain, W. C-, on haulage in collieries, 488. 

Motntsr, C., on gases in mines, 488. 

MCouk, 0., on micrastnieturc of minerals, 582. 

MCller, K., on carbon dioxide recorder*. 461. 

-on special castings, 522. 

MCLLER. E. R. E., on estimation of phosphorus. 602. 

-on estimation of sulphur, 604. 

Mrs do, C. J., an lighting of rolling-mills, 533. 

MI'nkkk. F., on rolling iron and steel, 500. 

Mt T NN, M. on petroleum in I’ennsylvnnia, 475. 

Ml'SKEL, K., on gas-prodtiocrs. 479. 

MVKRS, 0., on electric furnaces of special type, 542. 


N. 

Naeoell, H.. on analysis of gases in ironworks practice, 612. 

NATirraira, H.— 

Paper on “ Improvements In electric furnaces and their application in the 
manufacture of steel,” 51; the induction furnace, 51 ; arc furnaces, 57 ; the 
Nathusins furnace, 59.- Ditcutntm: A. Windsor Richards, 87 ; E. 0. ibbot- 
kd, 87 ; E. H. Saniter, 88 : E. Kilburn Scott, 88 ; C. C. Gow, 90 ; W. Dixon, 
91 ; Arthur Cooper, 92.— Cnrrrtpamitan .- E. Adamson. 92 ; A. Greiner, 93. 
NBC, K- on rolling iron and stool, 550. 

Nicoc, F.. on electric smelting of iron ore, 507. 

SlEDT, II., on composition of blast-furnace gases, 490. 

M 18 IIIO, JL, on history of coal-mining. 491. 

-on history of iron. 510. 

_on history of metoi mining, 446. 

_on mineral statistics of Japan. 626. 
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Nou.*, H. de, on case-hardening, 545. 

-on estimat ion of carbon. 601. 

Nohdrsfret, Captain AJte Hjalmar, elected member. 3 . 
Nowicki, IL, on gases in mines, 468. 

NrSKAUMEB, E., award of Carnegie Scholarship to, 27. 
-biographical notice of, 28. 


o. 

Oatman, F. W., on storage of petrolonm. 477 . 

Okrop, M.. on Btruoture of micro-constitneuts of steel, 683. 
Ol-esox, Irar, elected member, 3. 

OrdoRee, General Salvador Dior, obituary notice of, 414. 
OnoAN, J. H, on expansion of firebricks, 455 . 

Onni ann, Kndolph, elected member, 3. 

Osass, B., on blast-furnace reactions, 495 . 

- on imperfect castings, 622. 

Osmohd, Floris, obituary notice of, 415. 

-remarks by, on existence of ancient iron and steel 159 

Ortwald, H., on forging, 551. 

Ottb, on haulage in collieries, 487. 

OuTKluiRtDOE. A. K., Jun., on foundry cores, 520. 

Ovitx, F. K., on storage and heating of coal. 489. 

Owkxs, J. 8 ., on measurement of density of smoke, 4 G 1 . 


P. 


Pa rh ft, on haulage in collieriee, 487. 

PAKKX, on coal in Austria, 463. 

PAsnu, J. B-, on fatigue of welded joints, 503. 

Parker, K. W„ on production of coke in the United State*, 630. 
Parkkr, Janies Heber, elected member, 3. 

Parr, S. W., on estimation of niakcl, 605. 

-on sampling of coal, 612. 

Pasooe, E. H., on coal in India, 465. 

Pas&ok, H., on slag cement, 511. 

Patos, James, elected member, 4. 

Pattissox, John, obituary notice of. 417. 

Patrckopp, N., on estimation of carbon in ferro-chromium, 606. 
Paul, F. W„ on Australian iron industry. 5uti. 

I’AUE, J., on winding npplhuioes, 487. 

PAULY, K. A., on winding.engines, 487. 

Peat. W. B.. speech at dinner hy, 401. 

Petters, C., on turning steel ingots to remove surface flaws, ssi, 
PlCLLIseiKjt, G. K., on corrugation of rails, 573. 

-on thermit-welding, 553. 

Palter, P. C., on peat-gas producers, 483. 

Pehis. C. P., on ironworks in India. 504. 

Pekkix'S, F. C., on cool-cutting machinery, 486. 
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PREFACE. 



^5 



'O 



This volume contains the proceedings of the Annual General 
Meeting of tho Iron and Steel Institute, held in London on 
May 1912, together with the papers presented for reading 
and discussion at the meeting. The remainder of the volume 
consists, as usual, of Obituary Notices relating to deceased 
members, the Library Reports, and Notes on the Progress of 
the Home and Foreign Industries during the first half of 
1912, with a Bibliography of works on Mining and Metal¬ 
lurgy published during that period. 

28 Victoria Strict, Losdos, 

July 31, 1912. 
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THE 


IRON AND STEEL INSTITUTE. 


SECTION L 

MINUTES OF PROCEEDINGS. 


ANNUAL GENERAL MEETING. 


The Annual General Meeting of tho Iron and Steel 
Institute was held at tho Institution of Civil Engineers, 
Great George Street, Westminster, on Thursday ami Friday, 
May 9 and 10. 1912 —His Grace the Duke ok Devonshire. 
President, .in the chair. 

Tho Minutes of the previous Meeting, held at the Institution 
of Civil Engineers, on October 5, 1911, were taken as read, 
and signed by the President as a correct record. 

Mr P. B. Brown (Eltham), Mr. S. S. Somers (Halesowen), 
and Mr. W. A. WaLBER (London) were appointed scrutineers 
of the ballot for the election of Members of Council, and on 
the completion of their scrutiny thoy reported that no other 
candidates for election as Vice-Presidents having been nomi¬ 
nated. Mr. William Evans. Mr. J. E. Stead, F.R.S., and Mr. 
George Ainsworth, tho retiring Vice-Presidents, hail been 
duly re-olccted. They further reported that the result of tho 
election to till the tivo vacancies on the Council due to the 
retirement of members in rotation was as follows: — 


William H. Ellis 
William H. Hewlett . 
(ill A lll.ES P. K. Schhkidbb 
J ons H. Darby . 
Charles J. Baglky 
John O. Arnold, D.Met. 
Thomas Turner, M.Sc. 


Votiw. 

418 

437 

409 

397 

386 

197 

167 
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ELECTION OK MEMBERS. 


Mr. Ellis, Mr. Hewlett, Mr. Schneider, Mr. Darby, and Mr. 
Bagley, the retiring members of Council, wore accordingly 
declared duly re-elected. 

Mr. William Cross (London) and Mr. J. Ethkrixgtox 
(London) were appointed scrutineers of the ballot for the 
election of new members, and reported that the following 
fifty-two candidates bad been duly elected:— 


Nlml 


Abbott, Robert 
Kowell, it.Sc. 

Allen, Henry Butler. 

Barker, .tames . . . 


Bennett, EUU H. . . 
Birley. Samuel . . . 

Blank, Otto . . . . 
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Clasen, Bernard . . 


Coe, Henry I tot, 
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Danes, Stanley Rich- 
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Dawkins. Crowell T. 


Dickenson, Ernest 
Lawrence 

Drntnmond, Thos. ,1. 


Elliot, Thomas Gif¬ 
ford 

Falk. Gordon Sands, 
B.Sc. 


Auubsm. 


The Peerless Motor Car 
Company, Cleveland, 
Ohio. U.S.A. 

641 Washington Street, 
New YorkCity ,U.S. A. 

Victoria Iron Works, 
Todmordeu, Ltuica- 
shire 

SB Mosley Street, Man¬ 
chester 

140 Mayor Street, Bol¬ 
ton. Lancashire 

Duisburg, Germany, . 

Chipnrupalle P.O., VU- 
agapatam District, 
India 

Norfolk House, Laur 
ence I’ountnev Hill, 
London, K.C. 

Municipal Technical 
School. Birmingham 

Mrisrt. John Lvsaght. 
Ltd., St. Vincent’s 
Iron Works, Bristol 

Taiiyroilt, Fon tarda we. 
G laruorgiuudi ire 

Lake Su|>crior Iron & 
Chemical Company, 
Ashland, Wisconsin. 
U.S.A. 

Messrs. Sanderson Bros. 
A: Newbould, Darnoll. 
Sheffield 

The Lake Superior Cor¬ 
poration, Montreal, 
Canada 

Itosiin Crescent, Hathcr- 
*age. via Sheffield 

W1 Jefferson Street, 
Milwaukee, Wiscon 
sin, C.S.A. 
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H. A. Baxter, n. M. Lane, 
H. W. Ln--.li 

W. Campbell. H.M.Howe, 
B. Stoughton. 

C, E. Siddall. E. Pearce, 
F. Hardwick. 

J. W.Thompson, F. Hard¬ 
wick. F. T. Boll in. 

J.< (.Arnold. A. Me William, 
E. F. Unge. 

A. Cooper, P. N. Ounning- 
hani, D. Hunter. 

H. G. Turner, E. F. Law, 
J. Angus. 


J.P. Rod son, J. H. Harrison, 
J. Rider, Jun. 

T. Turner, O. F. Hudson, 
F. C. A. H. Lantaberry. 
A. Cooper, F. W. Cooper, 
J. E. Stead. 

W. Gnwland, W. D. John¬ 
son, W. H. MerretL 
J. Aston, J. E. Johnson. 
Jun., W. Wilkin*. 


J.O. Arnold. T. W Willis, 
J. H. 8 Dickenson. 

Arthur Cooper, Sir Hugh 
Bell.Bart.,G. Ainsworth. 

Sir R A. Hadfiehl. I. B 
Milue, Kmest Ott. 

A,Simonson, James Anton, 
R Stongliton. 
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K«il 

Feorachough, 

William 

Fox, Edmund John, 
M. I.Mecli.E., 
M.I.E.E. 

Francq, Alfred . . . 

Humbly, Percy Noel, 
Assoc. M. I.Mech.E, 


Hickman, W. Christie 

Hill, Cyril FroncL, 
M.I.M.M. 

Hill, Henry George . 


Hughes, Ralph T. 


Izat, Andrew . . . 

Jenkins, Ivor O. . . 

Kay set, Charles 
William 

Kenrick, John 
Fainter, Absoc.M. i 
Inst. C.E..M.1.M.K. 
Kiefer, Herman Gny 


Kit.son. Henry Her¬ 
bert 

l.cster, Walter . . , 


Mainprire, Max 
Key ner 

Mitchell. George 
William 

Moon, George C. . . 


Nordonfelt. Captain 
Ake Hjaliuar 
Olsson. Ivar. . . . 

Ortmann. liudnlph . 


Parker, James Heber 


HI# Clorkchoasc Road, 
Sheffield 

Winchester House, Old 
Broad Street, London 

E.C. 

1 >»3 Rue Froissart, 

Brussels. Belgium 

The Coppee Company 
(Great Britain), Ltd., 
King's House, Kings- 
way, London. W.C. 

Hawthorudi'ii, Sedglev, 
near Dudley 

308 West Kerry Road. 
Millwall, London, E. 

Messrs. John Lysaght, 
Ltd.,St. Vincent's Iron 
Works, Bristol 
I 2 Exchange Flaw, Mill 
dleshrough 

Kauiptee, Ceutml Fro 
vinces. India 

tjwynfa, Fenrwern, 
jfcatii 

Kndclille Grange, Shef¬ 
field 

Fekin Syndicate, Ltd., 
Honan. China 

I The Timken Rollei 
Bearing Co., Canton, 
Ohio. U.S.A. 

Monk Bridge Ironworks, 
Leeds 

87 Sumner Street, 
Southwark, Loudon, 

S.E. 

Messrs. Brown Bayley's 
Steel Works, Lt«l., 
Sheffield 

2 High field Terra re, 
Doncaatcr 

217 North Avenue 
(East),Cranford, New 
Jersey, U.S.A. 

Hoganibs Sweden . . 

Falun, Sweden . . 

McCormick Building, 
Chicago, Illinois, 
U.S.A. 

The Car)ienter Steel 
Compmiiv. Kearling, 
Fa., D.8 A. 


PsoisMtSe. 

Henry Stones, E. Dickin¬ 
son, G. E. Senior. 

B. A. Holland, A. Lamber 
ton, F. N. Cunningham. 

Henry Louis, Fred Mills. 

J. O. Arnold. 

W. Evans, D. E. Roberts, 

E. Crowe. 


W. H utchinson, W. Moore, 
A. Fool. 

A.Lamhertori.J.A^Hamp- 
tou, II. Silvester. 

A. Cooi>er, F. W. Cooper, 
J. E. Stead. 

A. Dorman, W. Hnwdou. 

A. 1L Gridley. Francis 
Sainuelson. 

n. G. Turuer, E. F. Law, 
J. Angus. 

F. L..ngmuir, T. Swindeu, 

I. Bagnall. 

Ik W. Winder, J.O. Arnold, 

G. E. Senior. 

H. F. King, J. R Hoyle. 

F. Beat. 

E D. Campbell, J. A 
Mathews, Nl.T.Lothro[s 

Sir Hugh Bell, Bart., M. 
Mannaberg, Illtyd Wil¬ 
liams. 

Wilson Cross, 8. Whit 
more, W. R. Lewi*. 

II. Armitage, W.J. Armi 
tage, W. K. Ellison. 

C. E. Siddall, E. Fearer, 

J. W. Thompson. 

W.Campbell, 11.M. Howe. 

B. Stoughton. 

T. Nanlenfelt. G. G. S. 
Grundy, C. Svedf*>rg. 

E. J. Ljungberg, A. G. 
Litingin'rg, E. Klintin. 

U. Woodward, A.E.Wells. 
F. A. Warlow. 

G. W.Sargent,S. Rad lam. 
J. A. Mathews. 
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EJECTION OF MEMBERS. 


Name. 


I’uton. James, RSc,. 
Petti grew,Jokn,F.LC. 
Pletsch, Louis ■ • . 


Pappe, Joluui, Dr. 

lug. 

Kotrertson, Walter 
Henry Antonio, 
Assoc. M.I.Mech.E. 
Koseuhusch, Gilbert, 
Assoc. M.Inst.C. E. 

Scott, Harry Charles 
Darid « 

Smart,Bert ram Jatues, 
B-So. 

Smith. .1 artiefi C ruick- 
shank, B.Se., K.C.S. 
Snyder, Robert J. 


Thriven, Hans Ednard 

Tiemann.Htigh Philip, 
RSc. A M. 

Turton, Frank . . 

Williams, Frederick 
George 


AOuacaa. 


6 Munro Road, Jordon- 
liill, Glasgow 

7 Victoria Street.West¬ 
minster, London.S.W. 

SociotJ Basse do Fabri¬ 
cation deTnhea.Nijni- 
Dnieprovsk, Ekater- 
iuoslav, Russia 

1C o n i g I. Tcchnische 
llockschule, Brcalan, 
Germany 

I.ynton Works, Bedford 


Queen Anne'sCham bers, 
Westminster,London, 
S.W. 

Arrandnlc, Croft's Batik 
Road, Urals ton, near 
Manchester 

Government Testing 
Office, L i t h g o w, 
X.S.W., Australia 

King's House, King 
Street, London, EX’. 

43 East PntminiAvenue, 
Greenwich, Connecti- 
ent, U.8.A. 

34 Elisabethstraasc, 
Munich. Bavaria. 

Carnegie Steel Company, 
Pittsburg, Pa., U.8.A. 

31 ('nllegiate Crescent, 
Sheffield 

Steel Works Manager, 
Gun A Shell Factory, 
Cossipore, India 


PsoniuKa. 


E. J. Duff, J. R Ross, 
T. H. Lander. 

W. F. Pettigrew, S. J. 

Robinson, J. F. Melting. 
A. C. Lyon, G. Hatton, 
G. Lewis. 


E. Schrodter. F. Spring- 
orum, G. Gtllhauacn. 


P. W. Lee, A. S. Lee, J. 
11. Dewhurst. 

William Evan-*, John 
Evans, David Lewis. 

J. W Thompson, F.Hanl- 
wick. F. T. Rollin. 

H. Moore, G. Mellanil. F. 
Rogers. 

F. W. Harburd. Sir R A. 

Hadiicld.G. Ainsworth 
J. A- Mathews, M. T. 
Lothrop, J. n. Nead. 

R. D. Wood, T.Westgartb. 
A. Greiner. 

J. S. L'nger, H. M. Howe, 
R Stoughton. 

8. E. Skelton. M.Ward low, 
R. G. Woodward. 

B. W. Winder, J. K. Jonas. 
L. Dufty. 


The following Report of the Council upon the proceedings 
of the Inst itute during the year 1911 was read in abstract by 
the Secretary:— 
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REPORT OF COUNCIL. 

At this, the forty-third Annual General Meeting of tho Iron and 
Steel Institute, the Council havo tho pleasure of submitting to the 
members their Annual Report, and are glad to note that during the 
year 1911 the progress of the Institute Ims continued to be satisfactory. 

Coronation or tueiu Majesties Kino Geoiior V. 
and Queen Mart. 

The King, who for many years had, ns Prince of Wales, honoured 
the Iron and Steel Institute with his support in tho capacity of 
Honorary Member, nud on his accession to the Throne became Patron 
of the Institute, was graciously pleased to receive and to express 
thanks for an illuminated address of congratulation on the occasion 
of their Majesties’ Coronation. 

Rou. or the Institute. 

During the year 1911, 102 new members were elected, and the 
total membership of the Institute on December 31, 1911, was:— 


Patron ....... 1 

Honorary Members ..... 7 

Life Members .... . . 80 

Ordinary Members ..... 2065 

Total . 2133 


The growth of the Institute during the past forty years is shown 
by the following table: — 



1871- 

1881 

1881. 

1901. 

1811. 

Patron . 





1 

1 

Honorary Members. 

. 

... 

7 

5 

9 

7 

Life Members. 


... 

..a 


1H 

60 

Ordinary Members . 

> 

513 

Hew 

1535 

1630 

2066 

Totals. 

• 

513 

1105 

1510 

1648 

31X1 
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The Council dcsiro to offer their congratulations* to n number of 
member* who have bad high distinctions conferred upon them. Sir 
William T. Lewis, Bart., K.C.V.O., Vice-President, has been created 
u Peer of the United Kingdom, and has assumed the title of Lord 
Merthyr of Senghenydd. Mr. A. B. Markham, M.P., has been 
created u Baronet. The Grand Cross of the Victorian Order has 
boon bestowed on His Excellency Admiral Arvid Liudman. Pro¬ 
fessor J. A. Ewing, F.R.S., and Mr. H. F. Donaldson, C.B., have 
boon created Knights Commanders of the Bath, and the honour of 
Knighthood has been conferred upon Colonel C. J. Stoddart. Colonel 
H. Hughes has been made a Companion of the Order of the Bath, 
and has also been appointed Technical Adviser to tho British Dele¬ 
gates to the Intel national Industrial Property Convention at Wash¬ 
ington, U.S.A. Mr. T. F. Butler has received front the Emperor 
of Jn(ian the Third Class of the imperial Order of the Marred 
Treasure. The honorary degree of Doctor of Metallurgy has been 
bestowed by the University of Sheffield upon Sir Robert Had field, 
F.R.S., Past-President, and that of Master of Metallurgy on Mr. B. 
W. Winder. Sir Robert Hadfield bos also been elected a Foreign 
Member of the Royal Swedish Academy of Science, Stockholm. Mr. A. 
Balfour has been elected Master of the Cutlers' Company of Sheffield. 
Sir 0. B. liiugley, Bart., has been appointed Deputy-Lieutenant of 
the Comity of Worcester. Sir Hugh Bell, Bart., Sir Robert Hadfield, 
F.U.8., Mr. G. Ainsworth, Mr. G. II. Clnughton. Mr. F. W. Gihhins, 
and Mr. Alexander Siemens have been appointed representatives of 
employers on tho now Industrial Council of the Board of Trade. 
Colonel Leandro Cubillo of Trubiu, Spain, 1ms been promoted to 
General in Command of the Seventh District of Artillery at Valladolid. 
Professor A. McWilliam, A.R.S.M., D.MeL, has l»een appointed Metal¬ 
lurgical and Analytical Inspector of Steel in India. Professor W. A. 
Bone, D.Sc., Ph.D., F. U.S., has lieen appointed Professor of the newly 
instituted Chair of Fuel and Refractory Materials at the Imperial 
College of Science anil Technology. Mr. Isaac Lester has been 
elected President of the Staffordshire Iron and Steel Institute, Mr. 
Walter Dixon has been elected President of the West of Scotland 
Iron and Steel Institute, Professor J. 0. Arnold, D.Met., has been 
re-elected President of the Sheffield Electro-Metallurgical Society, 
and Mr. Percy Longmuir has been re-elected President of the British 
Foundrymeu’s Association. 

During the year 1911 the Institute has sustained heavy losses 
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through the death of several well-known mom hern, including Lord 
Airedale, Pust-President; Huron Fernand d'Huart, Honorary Vice- 
President j General Salvador Ordoflex; and Mr. T. Hurry I tidies, 
Fast-President of the Institution of Mechanical Engineers, beside* 
others who luive rendereil valuable service to the Institute. The list 
comprises the following thirty-two names:— 


Lord Airedale of Gledhow, Past-President . 
Baron Fernand d’Huart, Hou. Vice-President 
Sir John Ainl, Bart. ..... 
Barber, John Henry (Sheffield) 

Bmby, Fred. (Teddington) . 

Bright, William (Gowerton) 

Brooks, J. 0. (Philadelphia) 

Crossley, Sir William J., Burt. (Manchester) 
Davey, George H. (Buglan, Ghim.) 

Dering, George Edward (Welwyn) 

Fullerton, Alexander (Paisley) 

Gray, Leason (Wakefield) 

Grcig, Douglas W. (Modderfontein) 

Howson, llichard (Middlesbrough) 

Jones, Jam os (Sheffield) .... 
Knckum, Fninr. H. (Mahno, Sweden) . 
Longbotham, Jonathan (Sheffield) 

Mair, George John (Helensburgh) 

Morgan, Charles H. (Worcester, U.8.A.) 
Ordoflex, General Salvador Diar. (Gortugena) 
Pope, Siunuel (Pontypridd) .... 
Riches, Tom Hurry (Cardiff) 

Smith, C. Westou (Bii-miogham) 

Swnu, H. A. (Middlesbrough) 

Teunent, John (Bothwell) . 

Theisen, Eduard (Munich) 

Thompson, William (London) 

Thomson, John (Eston) 

Vaughan, Cedric (Millom) . 

Wake, U. H. (Sunderland) . 

Webster, Cyril Grey (London) . 


. March 1C. 

September 13. 
. January 6. 

. October 2. 

. October 9. 

. August 14. 

. July 18. 

. (>ctober 12. 

. September 8. 

. January 8. 

May 30. 

. March 30. 

. August 2. 

. March. 

, February 18. 

. November 21. 
. February. 

. January 10. 

. October 14. 

. January 25. 

. September 24. 
. May 14. 

. December 13. 

. August 20. 

. April 3. 

. May 27. 

. August 29. 

. February 18. 

. February 17. 
Februury 19. 


The death of Arnriah Griffiths (Falkirk) occurred on May 19, 1910, 
but was not noted in the Council Report for that year. 
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James Kitsoii, Baron Airedale of Gledhow, who at the time of his 
death was Senior Past-Presideut of the Institute, was nutde a member 
of the Privy Council in 1906, and in 1907 was raised to the peerage, 
lie was an Original Member of the Institute, was elected a Member 
of Council in 1878, became Vice-President in 1879, and was President 
from 1889 to 1891. For his many services to metallurgy ho was 
awarded the Bessemer Gold Medal in 1902. Baron Fernand d’lluart 
was the founder of the great steelworks at Lungwy, uud woe also a 
director of numerous other important French ironworks. He became 
a member of the Institute in 1880, aud was among the first Honorary 
Vice-Presidents elected under the new bye-laws in 1909. Mr. Hurry 
Riches was elected a member in 1898, having on the occasion of the 
visit of the Institute to CardilT in 1897 acted as Honorary Secretary 
to the Receptiou Committee. He was a Past-President of the In¬ 
stitution of Mechanical Kngineera and of the Houth Wales Institute 
of Eugineers, and was a Governor of the Imperial College of Science 
and Technology. Sir John Ainl, Bart., the well-known contractor for 
the Assouan l»am, had been a member of the Institute since 1887, 
aud in 1908 be served on the General Recoptiou Committee formed 
to receive the members of the American Institute of Mining Engineers 
on their visit to this country. General Salvador I >iaz Ordonez was n 
distinguished artillery officer of the S|>anish army. He commanded 
the division of the S[ianish army which occupied Mel ilia during the 
disturbances in Morocco Last year, and on October 14 was fatally 
wounded in a skirmish near that town. It will l>e renicwl>rred that 
he attended the Autumn Meeting of the Institute held at Buxton in 
1910. Particulars of the careers of these uud other mem Iters deceased 
will be found in the obituary notices published in the Journal of the 
institute. 

In consequence of the non-payment of subscriptions, the names of 
thirty-eight members have been removed from the list, and there 
have been forty-three resignations of membership. 

Finance. 

The statement of accounts for the year 1911, verified by the Auditors, 
is now submitted by the Honomry Treasurer. It will lie observed 
that the income for the year amounted to £6398, and the expenditure 
to £6625. The excess of expenditure over income is due to certain 
liabilities incurred on behalf of the memlters who intended to take 
part in the proposed Autumn Meeting in Italy. On the abandonment 
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of the Meeting the Council decided tlmt the whole of these liabilities 
should be defrayed by the Institute. The corresponding figures of 
the receipts and expenditure in recent years are as follows:— 


i you, 

1907 

1908 

1909 

1910 


Receipts. 

Expenditure. 

£ 

». 

d. 

£ 

a 

d. 

6610 

4 

3 

5915 

11 

8 

6454 

16 

3 

5535 

8 

5 

6367 

12 

9 

6011 

15 

5 

6356 

10 

0 

5451 

16 

9 

6428 

4 

5 

5811 

18 

9 


Mkktixgh. 

I luring the your under review two meetings wore held us usuul. 
The Annual Meeting ou May II and 12 and the Autumn Meeting 
on October 5 were held at the Institution of Civil Engineers in 
London, and the Council gratefully acknowledge Urn coustaut courtesy 
of that laxly in granting the use of their rooms. 

It was originally intended that the Autumn Meeting should take 
place in Italy in 1911, an invitation to hold a meeting in that country 
having Wen received at the Annual Meeting of 1910. Extensive 
preparations were made by the President and Council of the Associ- 
naone fra gli Industrial! Metallurgies Italiani, the prospective hosts 
of the Institute, in co-operation with other prominent personages in 
Italy, mid under the illustrious patronage of His Majesty King \ ieftor 
Emmanuel 111. Most unfortunately, many of those who had origin¬ 
ally intimated their inteution to take |>art in the Meeting were 
compelled, for various reasons, to withdraw their names, and the 
number diminished so considerably that the Council felt that the 
representation of the Institute would be inoouunensumte with the 
scale on which the preparations for its reception had been made, and 
that, to their great regret, they had no option left them but to 
alxtndon the idea of holding the meeting in Italy. The arrangements 
for the visit had been kindly undertaken by Mr. (». E. hoick, Presi¬ 
dent of the Italian Association, assisted by a strong Executive Com¬ 
mittee of some of its leading members. Local Reception Committees 
had also been formed in each of the cities and towns which were 
to have l*ou visited. Under the direction of Mr. Fulck these 
Committees spared no effort to ensure the success of an extensive 
and attractive programme, and it was undoubtedly a source of 
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ilet'p disappointment to them that ultimately the meeting did not 
take place. Details as to the constitution of the Reception Com¬ 
mittee', and a hricf description of some of the arrangements made, 
together with a reference to the handsome souvenir volume relating 
to the metallurgical industrial of Italy, prepared for distribution on 
the occasion of the visit, have been embodied in the Journal. As a 
slight mark of appreciation of the generous services rendered by Mr. 
Falck, and by Mr. Cosafbdre and Dr. Gnddi, secretaries of the Associa¬ 
tion, the Council of the Iron and Steel Institute have since presented 
each of these gentlemen with a piece of silver plate suitably inscribed. 

The Annual I tinner of the members of the Institute was held at 
the Connaught Rooms, (treat Queen Street, on the evening of Thurs¬ 
day, May 11, the chair being occupied by the President. The 
principal speakers were Sir Hugh Hell, Bart., Past-President; the 
Most Honourable the Marquess of Bristol, M.V.O.; Major B. F. S. 
Baden-Powtdl; Mr. Arthur Cooper, Vice-President; the Right Hon. 
Lurd Allerton, F.R.S.; Mr. J. S. llanuood Banner, M.P.; Sir H. 
Llewellyn Smith, K.C.B., and Hi> Grace the Duke of Devonshire, 
President. 

Twenty-six papers were contributed to the Institute’s Proceedings 
during the year, together with a series of six memoirs on the iron ore 
resources of Italy, and are printed in the Journal, together with the 
discussions and correspondence thereon. The titles of these papers 
are os fallows:— 

1. '• On Temperature InHurucctanCarbonanil Pig Iron." By K. Adamson (Sheffield). 

2. "On the Mechanical Influence of C'arlwo on Alloys of Iron and Manganese." 

By J. O. AknoUJ (Sheffield) and K. K. Kisowija (Sheffield), 

3. "On the Chemical and Mechanical Relations of lion. Chromium, and Carbon." 

By J. O. Aknoi.o |Sheffield) and A. A. Read (Cardiff). 

4. " On Autogenous Welding of Metals." By K. Caknevali (Turin). 

6. "On the Growth of t.'ait Irons after Repeated Heatings." By H. C. H. C'AK- 
PENTKE (Manchester). 

6. “On the Application of Electricity In the Metallurgical Industry of Italy." By 
K. CAT A XI (Rome). 

7 “On the Influence of Impurities on site Corrosion of Iron." By J. W. Cobb 
(E arn ley). 

B. “On the Magnetic Properties of some Nickel Steels, with some Notes on the 
Structures of Meteoric Iron." By E. CoLVEM-GhAUEItT (Berlia-CharloUen- 
burg) and S. HiU-tur iBerlin-Gruncwald). 

u. "On a Process for the Desiccation of Air by Calcium Chloride." By H. A. 
DAUBMif. (AubornS) and E. V. Ror (Auboud). 

10. “On the Present State of the Iron Industry in Italy." By L. DoMPit (Milan) and 

F. S. Pucci (Miian). 

11. “ On the Volumetric Estimation of Sulphur in Iron and Steel" By T. Giffobu 

Ecuot (Sheffield). 
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12. "On the Origin of tin: Iron Orel of Swedish Lapland.” By 1_ U KtuMoS 

(Calcutta). 

13. "On the Action of Aqueous Solutions of Singicnm! Mixed Electrolytes upon Iron. 

By J. Newton Emend i Darlington) and J. H. Blown (Darlington). 

14. "On New Industrial J*roecs5cs for the Case-hardening of Steel.’ By h. GioLti il 

(Genoa). 

10. " On Case-hardening by Means of Compressed Gases." By F. GtoLITTi (Genoa) 
anil F. Cabnkvau (Turin). 

10. "On the Transformations of Steel within the Limits ol the Temperatures em¬ 
ployed in ilrat-trcatmeni." By L. OiFJtlf (Pans). 

17. "On Irun-Silicon-Carbon Alloys." By W. Goxtekman (Siegen). 

15. " On the Influence of Vanadium upon the Physical l‘ro|ioties of Cast Irons. By 

W. II. Hatmelu (Sheffield). 

19. "On the Organic Origin of the Sedimentary Ores of Iron and of their Metamor¬ 

phosed Forma: the Phosphoric Magnetites." By W. 11. IIekdSMAN 
(Glasgow). 

•JO. " Resear cites on the Nature of the phosphates contained in Basic Slag derived 
fro... the Thomas-Gilcbrist Process." By V. A. KlOU. (Lusemlmrg). 

21. "On some Studies of Welds," By K. F. Law (London), W. II. MerkeIT 

(L'KkIihi), and W. fhUAia DiuhY (IaJiuli.nl. 

22. " On the Corrosion of Metals." By P. Longui ik (.SheffieldI. 

23. "On some Properties of llcul-trealed Three per Cent. Nickel Steels." By 

A. McWllAIAIf (Stic(field) anil E. J. BARKER (Sheffield!. 

24. ” On the Influence of U'2 per Cent. Vanadium on Steels of varying Carbon Con¬ 

tent." By A. McWlUJAM i Sheffield) and K. ). Barnes (Sheffield). 

20. "On Mcch.ttiic.ilLing Analysis as an Aid to Accuracy arid Speed for Commercial 

Purposes.” By C. H. RlDSDALE (Middleshrongh) and N. D. Riimdau: 
(Middlesbrough). 

26. " On the Welding up of Bin* holes anil Cavities in Steel lugots." By J. E. Stead 

| Middlesbrough). 

27. Reports on the Iron Ore Resources of Italy 

(a) "On the Production of Iron Ores m the BrcmLtmt Valley." By G. Calvi 
(B ergamo). 

(A) "On the Iron Mines of the Island of Eilat." By C. C.M-Att t (Florence). 

(■) " On the Iron Ore I >rposits of PiedmonL" By K. t ATARI iRuiuc). 

(if) "On the Iron Ore thqiasits of Central Italy. Bv A. I lAStfl (Florence!. 

(r) " On the Iron Ore Deposits of Southern Italy and Sicily. By G. La \ AtJ.s. 
(Rome). 

I/) " On the Iron Ore Deposits of Sardinia.' By L. TESTA (Igletuas). 


PUBLICATION!. 

The publications of the Institute during the past year hare ex¬ 
ceeded in balk those of any previous year since ita foundation. They 
comprise four cloth-bound volumes containing, together with the list 
of members, no less than 2660 pages of printed matter. Of these 
volumes, two belong to the ordinary series of the Journal and one to 
the Carnegie Research Memoirs, which contains the eight Carnegie 
Scholarship Reports submitted during the year under review. The 
remaining volume was a Decennial Subject and Name Index to the 
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publications of the Institute during 1901—1910. It contains 553 
pages, :tud comprises u classified list of all the papers presented to 
the Institute during the preceding decade, together with an historical 
note of the development and growth of the Institute. This Index, 
notwithstanding the labour it involved, was published within five 
months of the appearance of the last volume of the Journal for the 
period to which it refers. The volumes of the Journal contain, in 
addition to the papers read at the spring and autumn meetings, and 
the discussions and correspondence arising therefrom, a l is tracts and 
references to over 2000 articles and memoirs relating to the iron and 
steel industries published in the transaction* of kindred institu¬ 
tions and societies at home and abroad, and in the technical press of 
this country and of the principal foreign countries engaged in the 
industry. In the collection and compilation of these abstracts over 
.100 different periodicals have been systematically searched, and the 
information contained therein thus rendered accessible to the members 
of the Institute. Most of the original sources of information are 
tiled in the Institute Library, where members are abb* to avail them¬ 
selves at first hand of the information they contain. A list of these 
periodical* is published in the Journal of the Institute, which also 
contains reports of the various congresses held from time to time, 
a bibliography of works dealing with iron and steel which have 
appeared during the year, a list of the additions u> the Library, and 
obituary notices of deceased members of the Institute. 


Liuuauv and Omcfis. 

1 he attendance in the Institute Heading Itooui and Librurv during 
the year lui* been close on 800, and tho Council are gratified to feel 
that the facilities placed at the disposal of the memliers are becoming 
more generally appreciated in proportion as they are mure widely 
known. A number of works of reference have been presented, 
amongst which have been “Metallurgy: A Text-Book for Manufac¬ 
turers, Foremen, and Workers in the Metal Industries,’’ by A. 
Fenchel, translated by H. J. Morris, and presented by the publishers, 
Messrs. John Bale, Sous .fc Daniellssou; “The Corrosion of Iron and 
Steel,' by Dr. J. Newton Friend, presented by the author; “Trempe, 
Kscuit, Cementation, et conditions d'emploi des Aciers,” by Mr. L. 
firenct, presented by the publisher, Mr. 0. Beranger; “Die Metal¬ 
lurgy des \\ ulframs, by llaus Mennicke, presented by Messrs. 
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von Krayn; “Onr Hume Railways,” by W. J. Gordon, presented 
by the Seerotary; and “ Iron and Steel, their Production and Manu¬ 
facture," by Christopher Hood, presented by Messrs. Isaac Pitman 
and Sons, Limited. The acquisitions by purchase have included, 
amongst others, various Parliamentary {tapers and reports, the Pro¬ 
ceedings of the International Congress of Applied Chemistry, 1909; 
“The Basic-Open-hearth Steel Process," by Carl Dichmnnn; “A 
Pocket Encyclopedia of Iron and Steel," by Hugh P. Tiemann; and 
“ La Metallographie appliquce aux Produits Sid. rurgiques," by 
Umberto Savoia. Arrangements are in progress for rendering the 
works of reference in the Institute Library more readily available 
to members. 

Memlier* who have published works valuable for reference, or 
pamphlets on subjects relating to iron and steel, of which they could 
present copies, are reminded that such contributions to the Library 
are not only highly acceptable for permanent preservation, but are 
also useful for editorial purposes in connection with the Journal, and 
for compiling information in response to inquiries addressed by 
members and others to the offices of the Institute. 


Medals and Research Scholarships. 

The Bessemer Gold Medal for 1911 was awarded to Mr. Henry Le 
C'hatelier, Meuibre do l’lnstitut de France, in recognition of his 
eminent services in the advancement of the metallurgy of iron and 
steel. 

The Andrew Carnegie Gold Medal for 1910 was awarded to Mr. 
Felix Robin, Paris, for his investigations on the variation in the 
acoustic properties of steel with changes of temperature, and his 
report on the microscopical examination of the depression made on 
steel by a conical point. Applications were received early in the 
year from thirty-six candidates desirous of competing for the Carnegie 
Research Scholarships. The cosmopolitan nature of this competition 
mav be appreciated from the fact that seven applications were re¬ 
ceived from candidates living in the United Kingdom, five from 
Austria, three from France, thirteen from Germany, two from Italy, 
five from the United States, and one from South Africa. After 
careful consideration of their respective qualifications, four scholar¬ 
ships, each of the value of XI00, tenable for one year, were awarded, 
and two further grants of X50 were made to former recipients of 
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Scholarship* to enable them to continue useful research work. The 
names of the successful candidates and particulars of the award* 
have been published in Journal No. I fur 1911, and the usual notices 
containing the conilitions under which the Scholarships ore awarded, 
printed in eight languages, have been distributed in various countries. 
In order to guide prospective candidates in the selection of a subject 
for investigatiou, a list, of subjects relating to the metallurgy of iron 
and steel, which in the opinion of the Council it is advisable to 
recommend for investigation, has been drawn up ami circulated. 


APPtJlXTVKXT OF UEPttESKJfTATlVES. 

The President continues to represent the Institute on the General 
Committee of the lloyal Society for Administering the Government 
Grant for Scientific Investigations. At the request of the Council he 
also consented to represent the Institute on the Organising Committee 
of the Optical Convention, to be held in London in 1912, but owing 
to the many calls upon his time ho was unable to act as represen¬ 
tative of tho Institute on tho Board of the National Physical Labora¬ 
tory, and under those circumstances Mr. W. II. Ellis, in conjunction 
with Mr. J. M. Gledhill, was nominated by the President, and 
appointed by the Council to represent the Institute on that Hoard. 
Sir Hugh Bell, Bart., Past-President, has continued to act as repre¬ 
sentative on the Board of Governors of the Imperial College of 
Science and Technology. Mr. Arthur Cooper, Present-Elect, and 
Mr. Georgo Ainsworth, Vies President, have represented the Institute 
on the Engineering Stamlards Committee, aud Mr. William Beard- 
more, Vice-President, and Mr. George Ainsworth continue to serve 
as representatives of the Institute ou the Technical Committee of 
Lloyd's Register of British and Foreign Shipping. Mr. W H 
Bleckly, Honorary Treasurer, has been re-appointed to represent the 
Institute on the Court of the University of Liverpool. Sir Robert A 
Hudfiold, Pa-st-President, continues to serve in the same capacity on the 
Court of the University of Sheffield, and Lord Merthyr of Senghenydd 
Vice-President, continues to serve as representative of the ^nstituto 
on the Court of the Bristol University. Dr. J. K. Stead, F R S 
Vice President, has been appointed, conjointly with the Secretary 
to represent the Institute on the Committee appointed at the instance 
of the Society of Chemical Industry in connection with tho forth- 
coming Eighth International Congress of Applied Chemistry, at which 
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Sir Hugh Hell, Bart., and Sir Robert llod field have consented to net 
its representatives of the Institute. In response to mi invitation from 
the Swedish Society of Engineers and Architects, Mr. E. J. Ljung- 
berg, Honorary Vice-President, kindly consented to represent the 
Institute on the occasion of the celebration of the Jubilee of the 
Society at Stockholm, and to present an address of congratulation. 


Appointment of Honorary Vice-President. 

The Council lmve unanimously elected Mr. Giorgio E. Falck (Milan) 
as Honorary Vice-President of the Institute, under Bye-law 9(a). 


Election of Members of Council. 

The retiring Mem tiers of Council, whose names were announced at 
the lairt meeting, were : Vict PretuienU —Mr William Evans. Dr. J. E. 
Stead, F.H.S., and Sir John G. N. Allevne, Bart. Member* of Council 
Mr. W. H. Hewlett, Mr. C. P. E. Schneider, Mr. W. H. Ellis, Mr. C. J. 
Bagley, and Mr. J. II. Darby. Sir John Alleyne having died in 
February, the Council have elected Mr. Q. Ainsworth to the vacant 
Vice Presidency thus arising. These gentlemen, who are all eligible, 
nre presented for re-eleotion at the Annual Meeting. Professor 
Thomas Turner and Professor J. 0. Arnold having also been nominated 
for election as Member* of Council, voting lists liavo been issued, as 
prescribed in Bye-law 11. 
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The President expressed his own regret and that of the 
Council that the Honorary Treasurer, Mr. W. H. Bleekly, was 
unable to be present by reason of indisposition. 

The Secretary thereupon read tho Treasurer’s Report for 
the year 1911, which was as follows:— 

“ It is once more my duty to present to you the Yearly 
Statement of Accounts, and to review, as briefly as possible, 
the financial position of the Institute. The year 1911 proved 
an eventful one in our financial history, in that, owing to 
certain exceptional circumstances, the expenditure exceeded 
that of any previous year, whereas the receipts remained about 
normal in comparison with those of the lost five years. As a 
consequence, the year was wound up with a deficit which has 
only twice been exceeded in the past. Nevertheless, taking 
all circumstances into consideration, I think you will agree 
with mo that the position on the whole is a satisfactory one. 

“ As will be seen from the printed copies of the audited 
Accounts which have been distributed in the room, the ex¬ 
penditure in 1911 amounted roundly to £6625. and tho 
receipts to £6398. I may explain at once that the deficiency 
of £210 on the General Account can be regarded as being 
entirely due to the liabilities iucurred on behalf of tho 
members who had intended to take port in tho proposed 
Autumn Meeting in Italy. Tho causes which most unfortu¬ 
nately led to the abandonment of the Turin Meeting were fully 
explained at the meeting afterwards held at very short notice 
in London, and I only need now refer to tho subject for the 
purpose of reporting that, in accordance with tho Council's 
decision, the whole of the Autumn Meeting expenses, amount¬ 
ing to £644. have boon defrayer! by the Institute. Of this 
sum about £450 represents compensation paid to railway 
agents and hotel-keepers on account of engagements entered 
into which, in the ordinary course, would have been paid for 
by tho individual members. The remainder was expended in 
making the usual preparations for a foreign meeting of tho 
Institute, and represents approximately the ordinary cost of 
such an event. 
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“ Another item of extraordinary expenditure, which you will 
notice, is the cost of the Decennial Index of the Journal, 
amounting to £415. Tho publication of this Index became 
doc this year, and I atn pleased to say that many expressions 
of appreciation of its usefulness have been received. 

“ The remaining items on the expenditure side call for little 
comment, as they do not vary greatly from the corresponding 
ones of previous years. The cost of publishing the Journal 
was £1487, which exceeded that of 1910 by £146, the in¬ 
crease being mainly accounted for by the cost of the translation 
of an exceptionally largo number of foreign papers. On the 
other hand, the expenditure on the library, on offico furniture, 
on the Anntuil Meeting, on postage, printing, and travelling, is 
lower in each case. 

“Thus it will be seen that the total extraordinary expendi¬ 
ture incurred consists of an unexpected expense of £450 and 
an expected one of £415, together amounting to £865, and 
that the other ordinary expenses together amount to £5760. 
or about £50 less than the total expenditure in 1910. 

‘The revenue, as stated, amounted to £6398, or just £30 
less than the revenue of 1910. Analysing the principal items, 
tho entrance fees total £207, showing an increase of £18 over 
the previous year, whereas the receipts from annual subscrip¬ 
tions amount to £4192, showing a falling off of £97. Tho 
receipts from tho sale of the Journal have continued to 
increase—a fact which affords a most satisfactory indication 
of the scientific value of the proceedings. 

“ The receipts from the Carnegie Fund did not quite meet 
the expenditure. The income was Cl Oil, which amount, 
being derived solely from interest on tho invested funds, docs 
not vary appreciably from year to year. The expenditure in 
grants to scholars, printing, and translation of reports and 
clerical assistance, was £1028. There is. however, still hold in 
reserve an accumulated balance of £47 which, after liquidat¬ 
ing the deficiency of £17 on the year’s working, leaves an 
amount of £80 to the credit of the fund, as shown in tho 
balance-sheet. During the year under consideration no 
changes have been made in the invested funds of the 
Institute.” 
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The President, in moving the adoption of the Iiuport and 
Statement of Accounts, said that it would ho generally agreed 
that the Report was a satisfactory one, and that the Institute 
was continuing its work on sound and proper lines. 

Mr. Walter Dixon (Glasgow)seconded the resolution, which 
was put to the niceliug. and carried unanimously. 

Mr. F. Mills (Ebbw Vale) proposed u vote of thunks 
to the President and Members of Council. Ho thought 
it would be generally agreed that those who were charged 
with the conduct of the uiluirs of the Institute were well 
versed in the commercial and metallurgical interests of which 
it took cognisance, and he believed that Lhose gentlemen 
enjoyed the full confidence of the members It w:is suggested 
some time ago that the system of election to the Council 
should be altered, but he personally was not iu accord with 
methods of popular suffrage, and he thought the Institute 
would do well to continue the methods of election of its 
officers which had prevailed iu the past. He knew some¬ 
thing of those methods, as their effect had been to exclude 
him from membership of the Council which he thought 
might perhaps be accepted as a sufficient guarantee of their 
efficiency. He believed that all the members were satisfied 
with the services rendered by tho President and Council, and 
he had great pleasure in proposing a hearty vote of thanks 
to them for the work which they had carried out. 

Mr. E. H. SaN'ITEH (Rotherham) having seconded the resolu¬ 
tion, it was put to the Meeting, and carried by acclamation. 

The President, in replying, said: “ On l>ehalf of my col¬ 
leagues and myself I beg to thunk you for the resolution which 
has been moved, seconded, and so warmly curried by the 
members present. It is a satisfaction to ns to know that we 
have carried out our work satisfactorily and well, but I would 
like to say what a great debt of gratitude we all owe to our 
secretary. Mr. Lloyd, and to his stall’ for the excellent way 
in which their work has been carried out. It is now my 
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duty to ask Mr. Arthur Cooper to take the Chair of the 
Institute for the next two years. I think the Institute is 
extremely fortunate in securing the services of a gentle¬ 
man of his capacity in the Chair. If he has one failing 
it is one that is common to nearly every member of the 
Institute, and that is that ho has a great deal more work 
to do than any one man ought to be called upon to perform. 
Many of us, as I have said, are in the same position, and we 
are most genuinely grateful to Mr. Cooper, both for the services 
which he has rendered to the Institute in the past, and for 
those which he has shown his readiness to carry out by 
taking the Chair of the Institute. I am sure that he will 
find the work extremely pleasant, and I am confident that 
the great traditions of the Institute may be safely entrusted 
to his hands." 

Mr. Ahtuuh Cooper then took thu Chair, and said : “ My 
Lord Duke and Gentlemen, I thank your Grace exceedingly 
for the very kind words which you have used, and 1 thank 
you, gentlemen, for the very cordial reception which you have 
given me. 1 am sure I need not suy that no effort will be 
wanting on my part to maintain the present high status of 
the Iron and Steel Institute." 


Autumn Meeting in Leeds. 

The Pit ESI DENT then announced that the Autumn Meeting 
of tho Iron and Stool Institute would bo held at Leeds on 
Tuesday, Wednesday, and Thursduy, October 1, 2, and 3. 
Arrangements were in progress for the formation of a Recep¬ 
tion Committee in that city. No meeting had been held in 
Leeds since 1876, and he hoped that the members would do 
their best to attend and so contribute to its success. 


Bessemeb Gold Medal, 

The President said that his first duty should have been 
the presentation of the Bessemer Gold Medal for 1912, which 
had boon awarded to Mr. John U. Darby for the services he 
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Lad rendered in tho advancement uf the metallurgy of iron 
and steel. He regretted that Hr. Darby was not present to 
receive the medal in person, and his brother, Mr. W illium 
Darby, who was to have received it on his behalf, was also 
unable to be present, and had sont a message expressing his 
regret. Under those circumstances the actual presentation of 
the Medal would take place at a future meeting. 


Mr. John Hknhy Daiiby, to whom the Bessemer Gold Modal of the 
Iron and Steel Institute for tho current year has been awarded, is a 
direct descendant of the distinguished family of metallurgists whose 
name he bears. Mr. Darby’s connection with the iron and steel 
trades is best known from his association, us far hick as in the year 
1880, with the late Sidney Gilchrist Thomas, and the introduction of 
the basic process. The first basic open-hearth furnaces for the manu¬ 
facture of steel on a largo scale erected in Great Britain were those 
built under Mr. Darby’s superintendence at Brymbo. Difficulties of 
a practical nature having been met with as regards recarburisation of 
the metal, Mr. Darby devised a process for the recarburisation of the 
metal in the ladle, lie was also associated with the introduction in 
this country of by-product coke-ovens, and was the first to erect retort 
coke ovens ut ironworks. He has contributed a number of valuable 
papers to tho 1’roceedings of the Iron and Steel Institute. 


The President then delivered his Presidential Address, the 
text of which will be found on page 31. 

His Grace the Duke ok Devonshire said he was sure it 
would be the wish of the members, us it was his own. to 
express their gruteful thanks to the President for the extremely 
interesting and valuable Address which he had given them. 
They* owed him a great debt of gratitude for having placed 
before them in so clear a way the tremendous evolution which 
had taken place in the manufacture of steeL Mr. Cooper 
had quite clearly shown that in the period covered by bis 
own observations the whole conditions of tho industry had 
changed, and the only conclusion that could l*e drawn from 
the Address was that it was never safe to prophesy. There 
might he greater changes still to come in the steel industry. 
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imd it was accessary that British stool-makers should take 
care that they wore not left behind in the race. But with 
men like the President to apply themselves to the problems 
which had to be solved, there was no need to fear the 
result. Tt was to the reading of Papers on the lines of the 
1 residential Address t hat they looked forward to holding their 
position in the manufacture of steel. He begged to move 
that the l>est thanks of the Institute l>e given to Mr. Cooper 
for his Address. 

Sir lltJuti Bell, Bart., Past-President, said that he had 
great pleasure in seconding the vote of thanks. Mr. Cooper 
at the outset of his Address had expressed his intention of 
making a review of the heavy steel trades for the past forty 
years or thereabouts, and they were very grateful to him for 
putting on record in so clear a way the extraordinary evolution 
which hod token place within a period of forty odd years. 
He felt quite certain, however, that many of the members 
would regret that Mr. Coopor by embodying his statements 
as a Presidential Address, had raised them above diseussion. 
Ihere was a very good rule that they were not permitted to 
discuss the contents of a Presidential Address, and the Presi¬ 
dent was no doubt fully aware of that when he was engaged 
in tho preparation of it, and was able to trail his coat-tails, 
knowing full well that no one would dare to tread upon them. 
He (Sir Hugh) could, if ho would, tread upon them, and no 
doubt there were many other members of the Institute in the 
same position. It was, however, extremoly interesting to have 
placed on record tho changes which had taken place in the 
trade during the past forty years. One comment at least ho 
would venture to make, as it did not tread on the tails of 
the President’s coat at all. In one part of his Address the 
President referred to the unreasonable conduct of owners pos¬ 
sessing ores containing phosphorus Tho time was when a 
littlo reduction in price was made for such ores, and steel¬ 
makers hud continued to obtain that reduction as long as they 
could. Unfortunately, the owners of these ores had now dis¬ 
covered that phosphorus was a valuable ingredient, and they 
made tho steel-makers pay for it. He was glad that attention 
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bud been culled lo it, and that tb. ro bud been a holding-up to 
obloquy of those who persisted in that most unreasonable 
course of conduct! Then he noted that the President de¬ 
parted somewhat from the lines ho had himself laid down, us 
he hud not merely reviewed the past, but had endeavoured to 
look into the future as far as lay within the power of man so 
to do, and their thanks wore due to the President for having 
placed upon record the story of the past, and for having 
attempted to forecast the prospects of the trade in the future. 
'I on years lienee, perhaps, somebody in the same position as 
Mr Cooper occupied that day would be considering what to 
say to the members of the then Institute, and he would no 
doubt look hack to Mr. Cooper’s Address, and point out 
how well he had foreseen what was going to take place in 
the future. The remarkable thing about the steel trade as 
their President had known it, was the extraordinary manner 
in which what were once regarded as only subordinate sections 
of t he industry had gradually come forward into a position of 
groat prominence. Only the other day he hail hail occasion 
to observe that a visitor going round a steelworks would 
hardly notice the steel, which was to a certain extent dwarfed 
by the important processes for the utilisation of what were 
formerly regarded os useless and deleterious bye-products. 
They owed the President their very hearty thanks. He ven¬ 
tured to suggest that in no respect did they owe him more 
thanks than for recalling to their recollection the very signi¬ 
ficant words of his predecessor in the chair, their old colleague 
and friend. Mr. Martin, who forosaw what was now taking place 
fifteen years ago, and he believed that in their turn they would 
look back to the prognostications made by Mr. Cooper, which 
he hoped would be as well realised as those of his predocossor 
in the chair. 

Mr. WiUJAM Hawdon (Middlesbrough) supported the veto 
of thunks to the President for his Address. They were all 
pleased that Mr. Cooper had beeu persuaded to lay aside his 
modesty, and to accept the position of Presidont when asked 
to do so by the Council. He believed that in the future they 
would look back to that Address with great interest. 



26 


CARNECIK SCHOLARSHIP AWARDS. 


The voto was then put to the meeting and carried by 
acclamation. 

I lie President, in reply, said he was extromely gratitiod at 
the way in which they had roceived his Address. He had 
prepared it with a great amount of trepidation, because he hail 
the foeling in his mind that whatever he said would be known 
to at least half tho members in the room. Ho wits glad to 
conclude from the vote they had passed that his Address had 
boon well received, and he hoped that that kindly recej>- 
tion might be taken us an indication of the indulgence which 
would be extended to him during his term of office. 

Papers by Dr. H. Nathusius. Dr. J. E. Stead, F.R.S., Sir 
Hugh Bell, Sir Robort A. Hadfield, F.R.S., and Professor 
ihomos 1 urner were then read and discussed, the meeting 
beiug adjourned at 1 p.m. until 2.30 !\H. on the same day. 

Sir Robert Hadfield, F.lt.S., Past-President, presided at 
the afternoon meeting, when papers by Dr. J. O. Arnold, F.R.S., 
and Professor A. A. Read, Dr. Arnold and Mr. L. Ai’tcluson! 
Dr. J. N. Friend, Mr. J. Lloyd Bentley, and Mr. W. West! 
and Mr. C. Chappell were read and discussed, the meeting 
being adjourned until 10.30 am. on the following day. 

Award of Cakxeoie Gout Medal and Research 
Scholarships. 

On the resumption of the mooting on Friday, May 10, tho 
President made an announcement regarding the Carnegie 
Awards. lie said that in order to allow more time to consider 
t he merits of the researches for the award of the Carnegie Gold 
Modal, the Council had decided that the award should be mado 
in tho year following that in which the Report was received. 
The Carnegie Gold Medal bad been awarded by the Council to 
Dr. Paul Goerens for his Report of the previous year. He would 
like to point out that the Council had experienced consider¬ 
able difficulty in making the award, owing to the highly 
meritorious character of tho Reports received, and they would 
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have been pleased if they had had seven Gold Medals to dis¬ 
tribute instead of one. They ultimately came to the conclusion 
that the most meritorious of the seven Reports received, was 
that by Dr. Raul Goerens. 

In making the presentation to Dr. Goerens, the President 
expressed the pleasure with which that Medal was bestowed. 
Ho said that Dr. Goerens had carried out admirable research 
work, and had made many valuable contributions to scientific 
literature. 

The Secretary announced that the Council had decided 
to award the Andrew Carnegie Scholarships for 11)12 to the 
following applicants: £100 each to Mr. Arthur Ressner of 

Berlin. Mr. Eugene Nusbaumer of Lonein-lez- Liege, Belgium, 
and Mr. J. Allan Pickard of Woolwich Arsenal. It was 
stated Lhat a similar award had been made to Mr. Walter S. 
Landis, formerly of Lehigh University, but that Mr. Landis 
had had to decline the award, as he had left the University, 
and was now occupying a position which would provent him 
giving the necessary time to the research work. 

The Secretary also announced that a further grant of £50 
had been made to Mr. .J. C. W. Humfrey, of the National 
Physical Laboratory, Teddington. 

The following are brief notes of the careers of the recipients 
of the Carnegie Gold Medal for 1911 and Research Scholar¬ 
ships of the Iron and Steel Institute for 1912 :— 

Dr. Paul Gokukns. to whom the Andrew (Jamegio Gold Medal 
has keen awarded, was born in 1882, and was educated at Luxemburg 
and at the Royal Technical College of Aix-la-Cknpolle. His practical 
training wits obtained at Differdingcn. He became a Doctor of 
Engineering in 1908, and wits awarded the title of Professor in 1909. 
He is Demonstrator in Physical Metallurgy, Materials, and Fuels at 
the Royal Technical College, Aix-laChapellc. He was awarded a 
Carnegie Scholarship grant of £100 in 1910 to enable him to pursue 
his investigations on the influence of cold working on the pro|H>rties 
of iron and steel, and it is for the results obtained in connection with 
this research that the Gold Medal has been awarded to him. 
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Arthur Kessnkr Wa* barn in 1879, ami educated at Potsdam and 
at th« Royal School for Machine Construction at Hagen. He wa» 
Hul>sixjucnt.ly engaged practically at the State Railway Central Works 
at Potsdam, after wliich lie studied metallurgy at the Royal Technical 
High School, Clmrlottenlnirg, where he was appointed j>u. .i.anunt 
assistant to the Chair of .Mechanical Technology. Since 1907 he 
luis held the appointment of Constructional Engineer at Uie High 
School, and lecturer in Mocluinical Technology at tho “ Omnia" 
Berlin. He receive.-, an award of X100. 


EimfcNB Nihhaumk* was born in 1882. and educated at tho Univtir 
sity of Paris and at the Institute of Applied Chemistry in the same city 
Me is chief chemist at tho works of U. Perihon at Londn-le*. Liege 
Belgium. 11e has carried out investigations on the wear of metals and’ 
on alternating stresses, and contributed a memoir at the Copenhagen 
t angress of the International Testing Association or. tl.e latter 
hubject. Ilu receive* an await) of XI00. 


<).Am.KH Pickard was l*>rn it. 1886, and educated at the city of 
Loudon School and at the Royal College of Science, where he obtained 
the Assorniteship. He is research chemist in the metallurgical branch 
of the Research Department of Woolwich Arsenal. He graduated 
with honours as a Bachelor of Science of London University, and is 
a Fellow of the Chemical Society. He has curie.! out investigation, 
m organic chemistry, and has devises! a method for the estimation of 
oxygen in iron and steel, lie receives an award of XI00. 

The President announced that Mr. Charles Vattior a 
member of the Institution of Civil Engineers of Franco and 
Delegate of the Chilian Government , was in attendance and 
would, during the course of tho morning, deliver an address in 
an adjoining room on the metallurgical resources of Chile 
mth special roiem.ee to the ore deposits of that country 
Mr VWr bad travelled from Chile for the express p„rp.ie 
of laying before the members of the Institute infoJmaUon 
relauve to those resources; and although, unfortunately, he 
had not been able within the statutory time to present a paper 
for reading at tho raeettng. he hud prepared copi„„ s Ues 
which, illustrated by maps, diagrams, and samples of the 
actual ores themselves, would doubtless prove of much interest 
to many of the members. 
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Papers by General L. Cubillo, Mr. J. YV. Hall, Sir. E. G. 
Herliert, and Sir. F. Roger were then read and discussed. 


Votes of Thanks. 

Tho President said that they hod now concluded tho 
ordinary business of the meeting, and all that remained was 
to propose a hearty vote of thanks to the President and 
Council of the Institution of Civil Engineers for their renewed 
kindness in granting them the use of the rooms for their 
Annual Sleeting. He believed that that would be the very 
lost time they would meet in that room, because the building 
was about to Ikj taken down. They had enjoyed the hos¬ 
pitality of tho Civil Engineers for many years; in his own 
case it must have been thirty-four or thirty-five years since 
he attended his first meeting there. In that particular room 
their meetings had been held for twenty years. They thanked 
the Council for past and presont favours, and might possibly 
express the hope that in the new building to be erected they 
might enjoy a continuance of tho privileges so long accorded to 
them through the kindness of the President rind Council of the 
Institution of Civil Engineers. 

Mr. G. Ainsworth, Vice-President, in seconding the vote, 
saitl the destruction of the building meant the breaking up of 
one more old association, a sevorance which, as they got older, 
they appreciated loss and less. 

The resolution was carried unanimously. 

Professor Henry Louis (Newcastle-on-Tyno) said it was his 
pleasant duty to propose a cordial vote of thanks to their 
President, Mr. Cooper, for his conduct in presiding over their 
meetings. He thought that the commencement made was 
the best possible augury for the continued success of the 
President's term of office. 

Mr. Ralph G. Scott (Leeds), in seconding the vote, said 
that he thought the proceedings had beeu a little more con- 
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versational, and rather loss formal than for the past year or 
I wo. Personally he was exceedingly pleased to second the 
vote of thanks to Mr. Cooper. 

The vote was then put to the Meeting, and carried by 
acclamation. 

I ho President said he was extremely obliged to the 
members for the way in which they had received the resolu¬ 
tion. He could assure them that his office had furnished 
him personally with a great amount of ploasure, and if they 
were satisfied he was more than delighted. He felt that they 
had treated him with a great amount of indulgence and for¬ 
bearance, and he hoped ho might rely upon that during his 
period of office. 


The proceedings then terminated. 
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PRESIDENTIAL ADDRESS. 

Br ARTHUR COOPER. 

Before entering on the subject-matter of my address. I desire 
to place on record my sincere appreciation of the very high 
honour you have conferred upon me in electing me your 
President. At the same time, I should like it to be under¬ 
stood that I accepted nomination with groat hesitancy, not 
because I was unmindful of the kindness of the Council, but 
because I feared it would not l>e possible for mo to discharge 
the responsible duties of the office in a way satisfactory to 
myself, or in a way that would compare with the discharge 
of those duties by the illustrious men who had preceded me. 
I was, however, influenced by the assurance of my colleagues 
that I might depend upon their cordial assistance and support, 
and on this I feel I can rely. 

As the years roll on, the selection of a theme for an address 
to a society like the Iron nnd Steel Institute becomes increas¬ 
ingly difficult, and one is forced to choose between a special 
subject that can be interesting to a portion only of the mem¬ 
bers, or one of more general interest upon which much has 
already been said. 

After mature consideration, I decided on the latter, and 
propose to review the development of the heavy steel in¬ 
dustry during the forty years I have been associated with a 
branch of it. 

By u heavy steel industry" I mean the Bessemer and 
open-hearth processes and their modifications. 

I am conscious that this subject has been dealt with in 
detail by members, who have described their various inven¬ 
tions in papers read before this Institute, and in a general 
way by several of my predecessors, but some years have 
elapsed during which great improvements havo been marie 
both in methods and in plant. Whilst, therefore, little re¬ 
mains to be said concerning the processes as originally carried 
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out, I am hoping that a brief reference to some of the improve¬ 
ments that have taken place in recent years may t>e of interest, 
as these have had tho effect of very greatly increasing t he output, 
decreasing the cost, and improving tho quality of the products. 

Il, in iny review, I do not appear to specially advocato any 
particular process or form of plant, it is Iwcause my sincere 
wish is to treat the subject in a perfectly fair and impartial 
manner by giving facts as they present thomsolves to me, and 
by leaving it to others to draw their own conclusions. 


1870. 

In the year 1870, when tho acid Bessemor process was 
fully established and the open-hearth process had just been 
introduced, tho make of ingots in the world was os follows:— 


OfVjfl 

Britain. 

Gftrmanr. 

France, 

U.S^L 

Anstrta- 
1 lungary. 

Swrilen. 

Belgium. 

Total. 

Tons. 

2fmnoo 

Tons. 

170.000 

Toni. 

1*7,281 

Toni. 

:58,H40 

Toni. 

22.112 

Ton*. 

12.198 

Tons. 

9.603 

Ton*. 
399.993 1 


' Say about 000,000 ton*. 


Thoso ingots were for tho most part acid Bessemer, and the 
purpose for which they were used was chiefly rails. 

In those early days, even in works producing their own pig 
iron, the steel department was operated quite independently 
of the blast-furnaces and of the rolling-mills; none but the 
purest ha-matito pig j ron WftS used. This was carefully selected 
by fracture, and, where more than ono make was introduced, 
charges of tho weight required were made up of a mixture 
of the different brands, so as to correct variations in any in¬ 
dividual brand; and if for conversion by tho Bessemer pro¬ 
cess. each charge was melted down in a separate cupola at a 
great cost in coke ; the ingots produced were allowed to cool 
down, and afterwards heated horizontally in small coal-fired 
furnaces preparatory to their being hammered into bits,ms 
or slabs, which, after inspection and dreasing cold, were again 
heated and rolled into finished articles. 
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There was no organised laboratory control of the materials 
used, and the estimation of carbon by colour in a sample 
taken from the blow or chargo usually constituted the only 
chemical test. 

A vory largo percentage of the ingots mode were more 
or less red-short, often due to tho irregular contents of 
manganese in tho spiegel, which would have been detected 
and the unsatisfactory results prevented with efficient labora¬ 
tory supervision. 

Notwithstanding everything, excellent steel was produced 
from those ingots, that could be coaxed down into respectable 
blooms. The cost, however, compared with the present 
practice, in fuel, wages, and waste, was enormous. The out¬ 
put of a pair of acid-lined converters was about 600 tons 
per week, and this quantity was considered a very fair week's 
work for a rolling-mill. 


1871 to 1880. 

Early in this decade the blooming- or cogging-mill took the 
place of the hummers, and with its aid some steel-makers, 
recognising the importance of saving fuel, delivered their 
ingots singly, and ns hot as possible, to the mill-heating 
furnaces, from which they wero rolled off at one heat direct 
into rails; and at works where blast-furnaces existed, molten 
iron was taken direct to the converters. Other outlets wore 
found for the steel, such as for ship- and bridge-building and 
for tinplates; but probably the most important develop¬ 
ment daring this period was the discovery and establishment 
of the basic process, which was destined to render available 
for steel-making purposes, in all parts of the world, immense 
tracts of ore beds, which, by reason of their high content 
of phosphorus, could not be used for steel-making by the 
acid processes. 

Tho output of ingots in the world in 1880 is given in 
Table I., p. 48. 

Of the 4,000,000 tons of ingots produced in 1880, it will 
I Mi noted that upwards of 80 per cent, were made by the 
acid Bessemer process, which had been developed very rapidly 

1912—L c 
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daring the ten years ending 1880, not only in Groat. Rritain. 
hut also in the United States, Germany, France, and Belgium. 


1881 To 1890. 

During the al>ovo period the basic open-hearth process was 
established, and bye-product coke-ovens were drat put down 
as adjnncts to blast-furnaces, os it came to be recognised not 
only that the hye-products reduced the coke cost but also 
that the waste heat and waste gases could be converted into 
steam, and turned to useful account at the adjoining iron 
and steel works. 

Mr. Gjers also demonstrated that when the ingot, immedi¬ 
ately after casting, was pluccd in a vertical pit lined with 
firebrick and allowed to soak, thero was sufficient heat in 
it to enable it to be rolled into blooms and billets or rails. 
The steel trade is greatly indebted to Mr. Gjers for the 
economies he introduced in tho handling of ingots preparatory 
to rolling, as undoubtedly from his pits and methods origi¬ 
nated tho vertical ingot furnaces of to-day, in which the 
centres of the ingots set whilst in an upright position, thus 
avoiding the tendency to bleed and cause hollow products, 
which frequently happened whon they were tumed on to 
their sides soon after they wore cast, for hoating in the 
horizontal furnaces of former times. 

After numerous experiments on the Continent and also in 
this country it was abundantly clonr that tho phosphoric slog 
from the basic converters, when ground into an impalpable 
powder, had a high manurial value. It must not, however, be 
imagined that this discovery was immediately tumed to profit¬ 
able account. Considerable difficulties were met with in 
grinding it satisfactorily, chiefly on account of the shots of 
steel with which it was interspersed. 

The first attempts made with stone mills as formerly used 
for grinding com proved utter failures, and it was only after 
many months of costly and tedious experiments that a satis¬ 
factory solution of the problem was arrived at and tho slag 
could bo ground regularly into a fine powder at a sufficiently 
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low cost to cnablo it to compete with super-phosphate and 
leave a margin of credit to he placed against, the ingot. 

The revenue so derived from this ground slag has aidod 
very considerably in the development of the basic processes, as 
will appear later. 

Captain Jones, in America, and Mr. Gustav Hilgenstook, in 
Germany, about the same time, and quite independently of 
each other, demonstrated the great advantage of mixers or 
receivers between tho blast-furnaces and the steul-converting 
plant. 

I had the honour on May 9, 1895, of reading a paper 
before this Institute on this subject. 

The output of ingots in the world in 1890 is given in 
Tablo II., p. 48. 

It will he seen that from the years 1880 to 1890 the 
mako of ingots of the world had increased from 4.000,000 
tons to 12,000,000 tons, the most notable increases being 
in the production of acid Bessemer steel in the United States, 
of acid open-hearth in this country, and of basic Bessemer in 
Germany. 

1891 To 1900. 

Between 1891 and 1900 great improvements in appliances, 
and several important inventions, wore introduced, such as 
the use of electricity for tho driving of auxiliary machinery 
in iron and steel works, and also for driving small rolling- 
mills ; Mr. Saniter’s method of desulphurising; Messrs. 
Bertrand & Thiel’s modification of tho open-hearth process; 
and the use of blast-furnace gas as a motive power, first by 
Mr. James Riley and Mr. B. H. Thwaite, in Glasgow, followed 
very shortly by Mr. Greiner in Seraing. Mr. Talbot also 
introduaed his method of working tho open-hearth process 
continuously, and the Hon. Charles A. Parsons and Professor 
Rateau developed their steam and exhaust steam-turbines. 

The output of ingots in the world in 1900 is given in 
Table IIL, p. 49. 

The most striking features of the figures in Table 111. are 
the large increases since 1890 in the production of ingots in 
tho United States, via, from 4,000,000 to 10,000,000 tons, 
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of which 6,500,000 were acid Bessemer, and 2,500,000 tons 
basic open-hearth; and in Germany from 2,0u0,000 tons to 
6,500,000 tons, of which 4,000,000 tons were basic Bessemer 
and 2,000,000 tons basic open-hearth. 

1901 to 1910. 

Whilst it cannot be said that these ten years were years of 
invention and novelties as were the thirty years preceding, 
great improvements have been made both in methods and in 
the perfecting of plant and appliances introduced during the 
latter part ot the last century. Amongst the former may be 
mentioned the very important work of the Engineering 
Standards Committee — the father of which was its present 
chairman. Sir John Wolfe Barry. The main committeo con¬ 
sists of delegates of the Institution of Civil Engineers, the 
Institution of Mechanical Engineers, the Institution of Naval 
Architects, the Iron and Steel Institute, and the Institution 
of Electrical Engineers ; and during tho last ten years this 
committee, with its thirty-nine sectional and sub-committees, 
and with the aid of its able secretary. Mr. Leslie S. Robertson, 
have dealt with a very great variety of subjects, that immedi¬ 
ately concerning this Institute being the standardisation both 
for sires and tests, of materials of all rolled sections as used 
for constructional purposes for ship- and bridge-building and 
boilers, as well as for railway and tramway rails anti fishplates, 
and for tyres and railway rolling-stock. 

The effect has been to reduce enormously the number of 
sections called for, as, owing to the very representative and 
influential character of the committees, British standard sec¬ 
tions and specifications have been very extensively adopted, 
notably by the Admiralty, the Board of Trade, and Lloyd's 
Rogister. The British Corporation for the Survey and Registry 
of Shipping and the Bureau Veritas have likewise given effect 
to the committee’s recommendations in their rules, with tho 
result that the cost of roll stocks is being greatly reduced, and 
the manufacturer may now bo content to roll into stock when 
it suits his convenience to do so, with the certainty that he 
will not have tho material left on his hands as was formerly 
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frequently the cuse when almost every buyer had his own 
particular section ami specification, which no other buyer could 
be prevailed upon to take. The advantage to the consumer 
of the adoption of the standard sections being quicker delivery 
(small lots frequently from stock) and reduced cost, practically 
no special rolls being now required. 

The output of ingots in the world in 1910 is given in 
Table IV., p. 49. 

Comparing the production given in Table IV. of the three 
largest steel-producing coimtries for 1910 with the production 
of the same countries for 1900 (Table III.), it will bo seen that— 

In the United Utalex, whilst the make of acid Bessemer ingots 
bos increased from 6,500,000 tons to 9,500,000 tons, the 
make of basic open-hearth ingots has increased from 2,500,000 
tons to 15,000,000 tons. 

In Germany, whilsL the make of basic Bessemer ingots has 
increased from 4.000,000 tons to 8,000,000 tons, the make of 
basic open-hearth ingots has increased from 2,000,000 tons 
to 5,000,000 tons. 

In Great Britain the only notable increase hits been in 
basic open-hearth ingots, viz., from 300,000 tons to 1,500,000 
tons, the make of basic Bessemer and acid Bessemer and open- 
hearth being substantially the same as in 1900. 

It will also be noted that in these three countries together 
the make of basic open-hearth ingots in 1910 represents rather 
more than half the entire make by all the processes, against 
rather loss than one-quarter of the make in I 900. 

In the United States the basic open-hearth process is 
assuredly takiug the lead, adapted as it is to produce pure 
steel of any quality from the softest to the hardest, from ores 
too low in phosphorus to be utilised by the basic Bcsscuier 
process, and too high for either of the acid processes. 

In Germany, on the oLherhand, while the basic open-hearth 
process is making great headway, very large increase's of plant 
for the basic Bessemer process—by which soft and medium 
hard steel can be produced with great regularity and at very’ 
low cost—aro being laid down, the phosphoric ores of Luxem¬ 
burg and neighbouring districts producing a cheap iron 
eminently suitable for conversion into steel by this method. 
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In France, too, and in Belgium, where similar ores are 
available, the chief extensions which are lieing earned out at 
the present time are in plants for the basic Bessemer process, 
assisted as it is very materially by the revenue derived from 
the rich phosphoric slag which it produces. 

The output of the world of such slag during 1910 was as 
follows Ton a, 

Grt many.1 

Groat Britain. 

Belgium.HflO.OOO 

France ....... 

Other i oumnes ..... lCS.tlOO 

S.W0.000 

Practically the whole of this was ground and sold for ferti¬ 
lising purposes, and realised on the average about two pounds 
per ton delivered to the fanner, yielding to the steel-muker a 
credit of from four to six shillings per ton of ingots made, 
and. whore the phosphorus in the ore is not paid for, reducing 
the cost of his ingot by this amount. 

In Great Britain the acid processes at present are the largest 
producers, and whilst there is no reason for supposing that so 
long as existing works can obtain pure harmatiie ores at reason¬ 
able prices there will be any serious falling off in the mako 
of acid steels, the main and trusted products of this country 
for so many years, it is, 1 think, certain that because of the 
scarcity and of the increasing cost of these ores, future exten¬ 
sions of steel-making plant will be for the basic open-hearth 
process, which is not only capable of utilising all domestic phos¬ 
phoric ores, but also foreign ores that can be imported at a 
low cost, too high in phosphorus for the acid processes and too 
low to command a value for the phosphorus for the basic Bes¬ 
semer process—indeed, now that the supply of pnddlers* tap is 
so limited and the owners of the rich phosphoric ores (by 
no means plentiful) have fully realised the worth of the phos¬ 
phorus and insist on being paid full value for it, the cost of 
iron to the basic Bessemer steel maker in Great Britain is 
becoming too dear to enable him to compete with his open- 
hearth rival, and it seems probable that he will ultimately be 
driven to chango his process for that of basic open-hearth or 
some modification of it. 
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1 have thus endeavoured to show the gradual development 
of the chief steel-making processes in the different countries 
since 1870, and the Appendix gives the finished steel products 
for 1910 as far us the figures are available. I should now like 
to draw attention to some oi the improvements that have taken 
place in methods and in plant, particularly during tho later 
years, and which have undoubtedly placed the industry in tho 
position it uow occupies. 

In the early days it became apparent that an exact know¬ 
ledge of the composition of all the materials used was essential, 
and the solitary works chemist of that period, who spent most 
of his time in estimating combined carbon by colour, has given 
pluco to a highly-trained and well-organised stall under a 
skilled chief, whose duties are to sample, analyse, anil report 
upon incoming raw materials, as woll as on all finished goods 
and waste products, to advise and assist the managers of the 
different departments in the various manufacturing operations 
so as to chock waste and to ensure that everything possible is 
turned to useful account, and that nothing leaves the works 
that does not comply with the specification; and when steel¬ 
makers realised the great advantages in point of cost of using 
molten iron direct from the blast-furnaces, and that the utilisa¬ 
tion of the waste heat and surplus gases from their coke- 
ovens in their steel works boilers reduced their coal bills, bye- 
product coke-ovens as well as blast-furnaces came to l»e 
regarded as necessary adjuncts to tho steel works, and most 
of the recently built large stool works, where conditions are 
favourable, ore so equipped. 

Bye-Product Coke-Ovens. 

Bye-product coke as originally made in this country had a 
very uphill tight, chiefly because it was much softer than the 
excellent beehive coke then in use, Its density of late 
years has l>een much improved by building the ovens of a 
width most suitable for tho coals and by varying the time of 
coking, and coke-makers who have had a lengthened experi¬ 
ence maintain that by stamping tho coal into a cake or block 
just large enough to rill the oven when pushed in, coke equal 
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to that from beehive ovens can be produced from equal 
coals—that charging in u cake or block can be effected more 
expeditiously than by tipping the coal into the oven from the 
•top and afterwards levelling it; that there is less loss of heat 
and that a greater output per oven can be obtained. 

The ovens as originally built provided a small surplus of 
heat and gas for purposes outside the requirements of the 
plant, but the modern regenerative ovens with their very 
economical methods of regulating combustion of the gas in 
flues, so as to obtain a perfectly uniform heating of the walls 
provide a surplus of fully 50 per cent, of the gas produced 
for outside uses, such as for furnace-heating, for lighting, 
or for power. This from a plant making 5000 tons of eoko 
per week would mean upwards of 200,000 cubic feet of spare 
gas per hour, equivalent to, say, 8000 indicated horse-power 
if used in gas-engines, or to. say, 750 tons of coal per week if 
used for metallurgical or heating purposes. 

Great improvements have also been made in the processes 
for the recovery of the tar and ammonia, giving better yields 
of bye-produets and reducing the cost of working expenses 
and repairs. 

Blast-Furnaces. 

The chief improvements which huve taken place in blast¬ 
furnaces during recent years, following the use of larger 
volumes of uir at higher temperatures, have been in the 
perfecting of the mechanical charging appliances so arranged 
that tho materials can l>e uniformly distributed in the top of 
tho furnace, at almost any speed required at a very low cost 
in labour and in maintenance, and without any loss of gas 
when the 1*11 is lowered, and also in the const ruction of the 
boshes and of tho stacks. l>oth now frequently cooled bv water 
sprays or troughs, or by bronze or some other pattern of 
water-cooled blocks, by which means the life of the furnace¬ 
lining, which was shortened very considerably in the early 
days of rapid driving, has been materially increased; but 
probably one of the most important developments in connec¬ 
tion with Idast-furnaces has been the cleansing of the whole of 
the gases, for, not only has it been proved absolutely necessary 
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to use perfectly clean gas in the gas-engine, but it lias been 
found very advantageous to rough clean also that used for 
stoves and boilers, as with such gas the necessity for laying oil' 
the stoves to remove the dust, with the consequential costly 
repairs, and the periodical stopping of the entire plant for 
cloaring the dust from the Hues can be avoided; further, by 
the use of clean gas the heats can be maintained in the stoves 
at a higher and more uniform temperature, reducing the con¬ 
sumption of coke, and since the cloaned gas has a higher 
calorific value less is required, so that more is available for 
outside purposes. 

The two most favoured methods of blowing blast-furnaces 
to-day are by the reciprocating gas blowing-engine using blast¬ 
furnace or coke-oven gas, or by the steam-turbo blower, 
supplied with eithor high-pressure steam generated in boilers 
from similar gases, or with exhaust steam from rolliug-inill 
engines—the turbine in this latter case being of the tyj>e 
known as mixed-pressure, which can he run with high-pressure 
steam at times when exhaust steam is not avuilahle. Both 
types of turbine depend for their efficiency upon perfect 
condensers and an ample supply of cold water. 

In a blast-furnace plant producing say 5000 Lous of iron 
per week, with a consumption of 20 cwts. of coke por ton, it 
has been established that by using modern gas blowing-engines 
and gas electrical generators for driving outside machinery, 
such as hoists, charging apparatus, aud pumps, there would bo 
sufficient surplus gas if used iu gas-engines to generate, say, 
22,000 indicated horse-power, or, if used for heatiug or metal¬ 
lurgical purposes, equivalent to, say, 1 600 tons of coal per week. 

If, on the other hand, turbo-blowers aud turbo-electric 
generators using high-pressure steam were employed instead 
of gas-engines, on the assumption that the turbine requires not 
more than double the quantity of gas required by the gas- 
engine, to supply it with steam, there would be sufficient 
surplus gas to generate, say, 7500 indicated horse-power, or if 
used for heating or metallurgical purposes, equivalent to, say, 
1150 tons of coal per week. 

It is cluinnsl for the modern gas-ongiuo, adopted almost 
exclusively in Germany, France, and Belgium, to a cousider- 
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able extent in recent installations in the United States, and in 
several large works in this country and in Canada, that it can 
be oporated with about 100 cubic feet of blast-furnace washed 
gas (>er effective horse-power per hour, and now that the 
weaknesses in design and construction, features of the earlier 
models, have been remedied, it is to-day a perfect machine, 
and quite as reliable as its predecessor, the reciprocating 
steam-engine—that tho quantity and pressure of the blast 
delivered to the furnace from it is under much hotter control 
than from tho turbo-blower. 

It is claimed for the turbo blower—used to a considerable 
extent in this country—and in a few plants only in the United 
States and on the Continent, that, although requiring at least 
double the amount of gas when burnt under boilers to pro¬ 
vide it with steam, it is a cheaper plant to install, and by reason 
of its simplicity the cost of stores and maintenance is likely 
to be lower, that the blast is delivered continuously by it, and 
not intermittently, as by the reciprocating engine. 

Surplus Goac*. —At collieries and at blast-furnaces, where 
there are no iron or steel works depending upon heat, the 
surplus coke-oven gas is now frequently used for generating 
electricity for power and for light, and any such power and 
light beyond the actual requirements of the plant is sold 
outside, thus reducing the coal or pig iron cost. It appears 
to l>e the general practice on the Continent, and in the new 
installations in America and in Canada, where steel works form 
part of the plant, to use the coke-oven gases for metallur¬ 
gical and for heating purposes, and the blast-furnace gases 
for the generation of power; yet there are many instances 
whero blast-furnace gases are also used in mixers, open-huarth 
furnaces, and heating furnaces, with satisfactory results. 

Steel Works. 

Mism —Since their introduction in 1889 the use and 
value of metal mixers has greatly increased. It soon became 
clear that the single mixer of about 150 tons capucity as 
originally erected was far too small, for whenever the demand 
upon it, even for a short time, w'as increased, or the supply 
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( »f molten iron w;is checked, the store was so much reduced 
that the metal often left the mixer of practically the same 
composition as it entered it, probably only a few minutes before. 

Again, the pig iron made over the week-end when the 
steel works were standing had always been a difficulty. It 
caused delay and extra cost when used cold in the open- 
hearth furnace, and excessive cost and waste when it had to 
be remelted in cupolas for use in the converters. 

The problem of how to ensuro more uniform iron for the 
stool plant, and how to save the cost of romelting the Sunday 
pig, has been solved by greatly increasing the mixer capacity, 
and most largo works are now provided with either one or 
two or more mixers of from 400 tons to 1100 tons capacity, 
some of the simple cylindrical tank type without regenerators, 
but frequently supplied with coke-oven or blast-furnace gas 
burned over the top of the bath ; the principal function of 

these_largely used on the Continent and in the United States 

_is to receive the week-end iron and to maintain a large 

store during the week. Very little, if any, cold metal can 
be melted, and practically no change takes placo in the 
composition of the bath, excopt that brought about by the 
admixture of the different ladles of iron from the different 
blast-furnaces. 

Another design of mixer whioh finds most favour in this 
country, and which is also used in Canada, and I ranee, and 
in Germany, is of the gas-iired regenerative tilting open-hearth 
furnace type. These serve not only the purpose of storing 
the week-end iron, hut they will also melt up during the 
week large quantities of pig iron or scrap, thus obviating the 
use of cupolas altogether; and, further, by adding liiuo aud 
ore, the contents can be refined down to almost any com¬ 
position required with absoluto regularity (a most important 
condition for the production of uniform steel), thereby reducing 
the work to be done in the converters aud finishing furnaces, 
shortening the time of the operation, and increasing the life of 
the linings and the weekly output. This type of mixer, of 
course, involves extra cost in working over that of the simple 
cylindrical tank type, but it is held that the extra cost is more 
l imn compensated for by the advantages al>ovo mentioned. 
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Convertin '/ and Mrlt.iiuj .—In the converting and melting 
departments great changes have taken place. Instead of the 
pair of 5- to 8-ton converters oporuted hy steam blowing- 
engines from coal-tired boilers, with its wasteful adjunct the 
cupola plant, turning out from 600 to 800 tons of ingots per 
week, and instead of the 10- to 15-ton open-hearth furnace, 
with an output of 100 to 200 tons per week, will be found in 
the most recent plants from three to six 25- to 35-ton Bessemer 
converters, with an output of upwards of 10,000 tons of ingots 
weekly, operated by gas bio wing-engines; and open-hearth fur¬ 
naces of from 40 to 120 tons capacity, with a weekly output 
per furnace of from 600 to 1200 tons of ingots. Indeed, at 
one works in the United States, an open-hearth furnace of 
185 tons capacity was recently installed, from which lias been 
obtained over several weeks an average make of 1350 tons 
of ingots. 

The increase in output has been greatly facilitated by the 
improvements which have been introduced in recent years in 
the auxiliary machinery, such as charging machines, cranes, 
and ingot strippers, now for the most part operated by elec¬ 
tricity generated by waste gases, and the arrangements of 
many of the modern works are such that the same crane 
which strips the ingot places it whilst still hot in the reheating 
furnace, from which it can he delivered by another crane to 
the cogging-mill. 

Rolling-MilU .—In the rolling-mill department the heating 
furnace now almost universally used is that arranged to heat 
the ingot in its verti&d position, tired with either coal, pro¬ 
ducer gas, or waste gas from the blast-furnace or coke-ovens. 
The mills themselves have been greatly increased in capacity 
and power to deal more expeditiously with the larger pro¬ 
duction ; and, for driving reversing-mills where steam is used, 
two-oylindor engines are being displaced by engines with three 
cylinders, either simple or compound, exhausting into a con¬ 
denser, or into a turbo-blower or turbo-generator; the former, 
providing blast for the blast-furnaces; the latter, electric 
current for driving out-lying machinery. 

Another form of drive for roversing-inills introduced at 
Teschen, Austria, in 1906, Is by electric motor, on what is 
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known as the Ilgner system, which method has recently been 
adopted, both for cogging- and finishing-mills, by many im¬ 
portant works on the Continent, chiefly in Germany, and by 
several in this country, numbering about thirty in all; whilst, 
I understand, about twenty more such equipments are at the 
present time being laid down. 

Still, the modem reversing steam-engines, as above de¬ 
scribed for driving reversing-mills, have many ardent sup¬ 
porters, both in this country and on the Continent, on the 
ground of cheaper first cost and simplicity; and although 
electric motors are very largely taking the place of reciprocat¬ 
ing steam-engines for driving continuously running mills both 
on the Continent, in the United States, in this country, and 
in Canada, it cannot yet l»e said that even for this purpose 
steam has l>een permanently displaced, for Messrs. James 
Dunlop & Co., who recently erected a new 3-high pinto mill 
with rolls 28 inches diameter and 84 inches long, intending 
to drive it with an electric motor with current generated by 
steam from existing mills, after careful consideration aban¬ 
doned the idea of the electric motor, and put down in place of it 
a mixed pressure turbine of 750 brako-horse-power, running 
at 2000 revolutions per minute, constructed to work cither 
with exhaust steam from their other engines, or with live 
steam from their boilers, the supply of the latter being 
regulated automatically by a valve according to the duty 
required. Tho speed of the turbine is reduced by gear to 
run tho rolls at 70 revolutions per minute and the power is 
transmitted through a flywheel of about 100 tons woight. I 
understand that the mill was set to work at the end of 1910, 
and that it has in every respect proved satisfactory. 1 

If the experimental surface combustion boiler described by 
Professor Bone at tho Royal Institution on March 30 and 
April 6. 1911. for which an efficiency of 90 per cent, when 
fired with gns is claimed, can be developed into a commercial 
success, or if some other more economical steam generator 
than the present Lancashire or water-tubo boiler with an 
efficiency of about 60 per cent, only *can be devised, tho 
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economy of steam turbines would, of course, lie corre¬ 
spondingly increased. 

For soveral years post the question that has exercised the 
minds of iron and stool works engineers, particularly on the 
Continent, perhaps more than any other, has boon how to 
obtain most economically the maximum value from their 
coke-oven and blast-furnace gases, in order to savo the coal 
usod for producing power for their iron and steel works 
machinery and for their steel and heating furnaces, and with 
this object in view very large expenditures of capital have 
been incurred at all the important works. As an instance, 
I may mention that on a visit to one of the large German 
works consisting of coko-oveus, blost-fumnees, and steel works 
in ISO i, I saw a rango of boilers and an engine-house con¬ 
taining four pairs of powerful compound steam-blowing 
engines of tho latest design and in splendid condition, anil 
which at that time were operating their blast-furnaces. At 
a subsequent visit in 1900 I saw another large engine-house 
containing a magnificent plant of gas-blowing and power- 
ongines providing blast and oleotrio power for their blast¬ 
furnaces and steel works, and I was told that by the end 
of the year 20.000 horse-power would bo generated in that 
house, and all from waste gases. 

The boiler-plant and steam-engines wore all out of action 
ami kept as standbys. I have recently been informed that tho 
consumption of coal in these works has decreased in quantity 
year by year, and it i B expected that very shortly no coal will 
l>o required except for the locomotives. 

This is but an isolated instance of what is taking place in 
many such works. 

My friend, the late Mr. E. P. Martin, in his Presidential 
Address from this chair in 1897, referring to a visit he had 
recently paid to Mr. Greiner of tho Society Cockerill made use 
of these words: “ Indeed, incredible as it may appear if it 
were practicable to apply all tho gas nude at tho blast-fur¬ 
naces at Cockonlls for raising power, they would be able to 
do away with all their boilers except those of the loco¬ 
motives. 

‘ If blast-furnace gas can bo economically applied as the 
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motive power for driving large engines and for generating 
electric power, it would almost appear as if pig iron would 
soon become a bye-product, and the chief work of the iron¬ 
master of the future will be giving light and power to the 
country." 

It is clear that Mr. Martin in 1897 regarded this subject 
as a most important one; but it is far more important to 
us to-day, having regard to the great increase in the cost 
of coal which has already taken place, and the certainty of 
a still further increase in the near future. 

During the fifteen years that have passed sinco 1897, it 
has been demonstrated beyond all question that both coke- 
oven and blast-fumaco gases can lie economically applied, not 
only as the motive power for driving large engines and for 
generating electric power, but also as fuel for mixers, opon- 
hearth furnaces, and heating furnaces; and I confidently beliove 
the day is close at hand when in the best-managed largo works, 
equipped with modem bye-product coke-ovens and blast¬ 
furnaces, tho whole of the converting, heating, rolling, and 
finishing operations will l>o carried out with no other fuol than 
their own surplus gases, and that if any of us fail to utiliso 
our resources to the fullest extent, unless exceptionally situated, 
we may be left behind in tho race. 

In conclusion. I wish to express my heartiest thanks to 
our Secretary, Mr. Lloyd, for the statistics, and to many kind 
friends who fill the highest positions in some of the most 
important iron and steel undertakings in Belgium, Canada, 
France, Germany, and the United States, for valuable infor¬ 
mation as to the latest form of plant and methods of working 
in their respective coun tries. 

His Grace the Duke of Devonshire moved that a cordial 
vote of thanks be passed to Mr. Cooper for his Address. This, 
having l>een seconded by Sir Hugh Bell and supported by 
Mr. W. Hawdon, was put to the mooting, and carried by 
acclamation. The text of these speeches will bo found on 
pp. 23-26. 
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IMPROVEMENTS IN ELECTRIC FURNACES AM) 
TIIEIR APPLICATION IN THE MANUFAC¬ 
TURE OF STEEL. 

Bv HANS NATHUSIUS, Dk. Ini.. |Furrn» \-iil"rTE). 

I’he various systems of electric furnace arc so well known 
that it is unnecessary to describe these apparatus in detail. 
The author will therefore coniine himself to a few general 
remarks with respect to tho two most important systems— 
the induction furnace and the arc furnace — and to a de¬ 
tailed description of sotnc recent improvements in the latter 
typo, with special reference to the combined are-resistance 
furnace. The subject is one which cannot fail to bo of special 
interest to metallurgists, since it appears in the light of recent 
experience that so far as the manufacture of steel by electric 
moans is concerned the arc furnace is the furnace of the 
future. 


The Induction Furnace. 

The hearth of a simple induction furnace consists of an 
annular trough in which the ring of metal constitutes the 
secondary winding of an alternating current transformer. The 
source of heat is the eleotric current, which is induced in the 
rnetal by the alternating current in the primary circuit of the 
transformer. 

The idea of generating the requisite heat in the very mate¬ 
rial which is to be melted and of introducing heat by induc¬ 
tion of an electric current, thus avoiding the use of electrodes, 
seems highly promising, at least in theory. Unfortunately, 
however, this system of furnace has shown many serious 
defects in practical working. 

The above-mentioned advantages of the induction furnace 
can only he realised to the full when tho furnace is used as a 
crucible, that is when small charges (1 to 2 tons in weight) 
ore to undergo a pure and simple smelting process. As a 

20602 
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refining furnace the induction furnace is. for tho following 
reasons quite unsuitable. 

The restricted space within the ring of molten metal is 
inconvenient for any metallurgical work such as rabbling the 
slag, the regular distribution of additions, sampling and 
controlling the process of charging. The molten metal is 
also exposed to a considerable cooling action, due to ex¬ 
tensive cooling surfaces, and the slag is apt, to solidify in 
consequence. 

The electrically induced heat can, of course, only he generated 
in the metal bath and not in tho slag, which must therefore 
be heated indirectly by the underlying metal. Now it must 
bo evident that it Ls against all principles of economy to heat 
the stag by means of the molten steel, the melting point of 
which is considerably lower than that of the slag. Conse¬ 
quently a much higher temperature has to be imparted to the 
bath than is necessary for the desired reactions. 

The entire design of the induction furnace— which rather 
resembles an electrical apparatus than a metallurgical fumaco 
— makes it impossible to work with large tluid masses of slag 
capable of producing reactions. Tho magnetic field of the 
transformer sets up lines of forces in the liquid steel and 
causes it to rotate at, such a speed that tho slag is thrown 
against the sides of the channel, causing it to cool to a tem¬ 
perature below that at which it can react on the charge. 
Further, the speed of rotation causes the surface of the bath 
of metal to slope at an angle, so that only a small portion of 
tho metal in the ring is covered with slag, and the reactions 
are thus prevented. The lining of the furnace is also injuri¬ 
ously affected hy the whirling of the particles against tho 
sides of the furnace, due to the centrifugal force, an action 
which results in their being both mechanically and chemically 
attacked Further, it is impassible to treat entirely cold 
charges in an induction furnace, for unless a portion of tho 
preceding charge is allowed to remain in the furnace tho 
charge does not form a sufficiently perfect conductor for tho 
secondary current. This is a particular disadvantage in cases 
where it is desired to produce steels of very different qualities. 

A further disadvantage noticeable in some types of indue- 
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lion furnace, for instance in the Riichling-Rodenliauser fur¬ 
nace, consists in having two heating channels which form the 
secondary coil of the furnace transformer, the latter being 
built into the furnace in such a manner that one leg of the 
transformer pusses through a corresponding opening in the 
hearth. 

From a purely metallurgical point of view it is desirable 
that delicate apparatus such as a transformer should not he 
attached to the furnace, which, when hard pushed, may become 
red-hot, nor should a transformer be exposed to risk from 
splashes of molten metal, dust, and rough handling. The 
conditions are not greatly improved even when it is most 
carefully protected and cooled by an air current supplied by 
a somewhat expensive compressor plant. The air-cooling on 
the transformer side necessarily increases the heat losses. To 
this must be added the unpractical shape of the hourtli due 
to the presence of the transformer, which increases the length 
of time between heats due to the increased difficulty of making 
repairs. Lastly may be mentioned a most vital disadvantage 
of t.ho induction furnace as compared with the arc furnace, 
namely, the cost of installation. Not only is tho induction 
furnace more costly on account of its complicated construction 
and its character as an olectric rather than a metallurgical 
apparatus, but also because the current supply is considerably 
more expensive with this class of furnaces than with arc 
furnaces. All large induction furnaces with a capacity of 
more than 3 tons require motor generators or separate 
generators when the frequency of the generating plant is 
higher than 25 cycles per second. It is evident that, the 
instalment of motor generators must add to the cost of thu 
electric equipment and of the necessary foundations and 
buildings. 

The olectric generator for an induction furnace must, even 
with installations of medium size, be designed for a frequency 
of 20 or less and for a power factor of between 0-11 to 0 7. 
The machine' must therefore be in the ratio of u ‘ e or to, or 
1'54 times larger than, an equaliser for a three-phase arc 
furnace. On account of the lower frequency the alternator 
will be considerably more expensive. The cost of an equulisor 
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for a three-phase arc furnace with an output of 750 K.V.A. 
at 750 revolutions and 50 cycles is only 43 per cent, of that 
of a generator for an induction furnace of the same capacity. 
Tho lower speed which is required to produce the low fre¬ 
quency of the generator for an induction furnace influences 
the price of the machine tho more unfavourably the greater 
the output of the machine. 

When the current is not supplied by a separate alternator 
at tho generating station but Ly a motor-generator, the price 
is scarcely affected on account of having to instal a motor 
for the furnace transformer. In fact, if anything, it may be 
increased, as such a motor is more expensive if desired to run 
at lower speeds, and it must in any case be adjusted to tho 
maximum permissible speed of tho generator. 

The tirst cost of an induction furnace installation may. of 
course, be reduced by making an extension to the central 
power station instead ot transforming existing electric current. 
In that case, and if the prime movers are blast-furnace gas- 
driven engines, the electric generators for arc furnaces must 
also be designed for slow speed. The difference between the 
cost of an induction furnace and that of an arc furnace instal¬ 
lation will then disappear, but only under the above-mentioned 
conditions. Tho induction furnace transformer always requires 
a separate sot of conductors for low frequency, and also a 
regulating transformer or tension regulator unless a decen¬ 
tralisation is to be carried out, which is not always possible 
and generally introduces economical disadvantages.’ But even 
in the latter favourable case it will hardly be possible to equip 
an induction furnace at the same cost as an arc furnace, and 
certainly not at a less cost. 

In addition to the greater cost of an induction furnace 
there is that of the plant for compressing tho air for cooling 
There also has besides to be added to tho working expenses 
of an induction furnace the wages of two skilled attendants 
(for day mid night shifts) for the special machines—be it a 
separate generator or a motor generator—and to carry out 
necessary repairs. In this respect the working expenses of an 
induction furnace are considerably higher than those of an 
arc furnace, which can be equipped with static oil transformers. 
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Further, rotary machines are likely to run hot, ami the 
insulation of the moving coils is also more liable to puncture 
than that of the windings of a static transformer, built for 
the same voltage. An oil-transformer when once installed re¬ 
quires no attention beyond overhauling once a year. Generally 
speaking, the chance of a breakdown with a rotary furnace 
transformer is double that with a machine in the generating 
station. When the current is delivered direct from the 
generating plant—with or without a transformer—a break¬ 
down is of less consequence, as the whole plant is kept in 
reserve, and, if necessary, another generator may be switched 
on to the furnace circuit. The lime required to remedy any 
fault is therefore considerably shorter. 

Finally, the working oxpenses with induction furnaces aro 
much increased by the low efficiency which, including trans¬ 
former losses, amounts to 72 to 82 per cent., whereas the 
efficiency of a corresponding arc furnace plant is 95 to 99 
per cent. 

Thut the above-mentioned defects of the induction furnace 
are admitted by those who have developed this system of 
electric fumaco is clearly proved by the numerous now 
remedying dovices which are always being patented. Itoden- 
hauser has, for instance, introduced dams or lips in the 
channel-bottom in such a way os to allow only the layer of 
slag to rise above the upper edge of the lip. But the electric 
current is then obliged, at these points, to pass through the 
thin and comparatively bad conducting layer of slag. Another 
inventor has plaeed bridges below the surface of the molten 
metal at the entrances of the narrow lateral channels of the 
hearth, with the object of retaining the slag, so as to prevent 
it altogether from entering them. In another modification of 
this device the lower edges of these bridges are placed at the 
levol of the surface of the bath, or just below it. By this 
contrivance the slag is prevented from entering the channels, 
and any which may havo penetrated into them can easily be 
removed. In order to facilitate repnirs spare interchangeable 
channels of compressed material with special coatings of 
alumina or silicates are kept in readiness for use. How far 
these and other improvements will really prove successful in 
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practice remains to be seen. It is nevertheless interesting to 
observe that the induction furnaces have lately been so much 
modilied os to have lost their original character by making 
them approximate more and more to the arc-furnace type. 

Arc Furnaces. 

The construction and method of operation of arc furnaces 
are now well known, and a considerable number of them have 
withstood several years’ practical test in every rcspoct in 
numerous metallurgical works. 

The principal advantage of the arc furnace consists in the 
ease with which the heating of the charge can be regulated to 
any desired temperature from above by electric arcs directed 
upon thu slag which covers the metal bath. This method of 
heating, combined with other advantages of the electric 
furnace—such as a neutral atmosphere in the molting 
chamber and absolute purity of the heating agent — have 
enabled the production of reactions between the slag and the 
metal with respect both to oxidation and reduction which it 
was impossible to obtain with the resources previously avail¬ 
able. and after a long experience in the working of electric 
furnaces the author has gained the conviction that absolutely 
new processes will in time 1« developed to supplement or 
perfoct the present ones. This question will be referred to 
again later in the paper. 

The readiness with which Lhe are furnace has been adopted 
is not only due to the above-mentioned advjintagos, hut also 
to the fact that the electric conditions permit its construction 
to resemble closely that of the familiar converters and open- 
hearth furnaces. The usual type of aro furnace, such as the 
H. roult, Girod, Keller, Stassano, and others, resemble the gas- 
tirod furnaces in that the heat is applied to the charge at °tho 
surface, the gas-liame being replaced by an electric arc. 

The author has for many years made a special study of arc 
furnaces and their working conditions, »ud he was soon 
obliged to acknowledge the great advantage of electric arc- 
heat.ing. At the same time the idea occurred to him that it 
might be possible to combine the advantage of the arc furnace 
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(good healing of the slag) with the advantage of the induction 
furnace (heating in the charge itself), and thus to avoid the 
disadvantages of both systems. It became evident to t»i»n at 
ouee that the electric currunt offered the possibility of apply¬ 
ing heat not only at the surface of the charge, hut also at any 
part where an intense heat is required, such as in the charge 
itself or especially at the bottom of the furnace. 

The transformation of the electric energy into heat, in the 
substance of the material which Is to be heated is neither 
a contact nor u transmission phenomenon, but a thermo¬ 
dynamical frictionless heating, with 100 per cent efficiency 
even at the highest temperatures. The only losses are those 
title to radiation and conduction. Hence in this process of 
heating the question is not—how much heat is imparted to the 
charge, hut how much of the heat generated within the charge 
itself can be retained therein. 

In the author’s opinion it would be a mistake not to 
take this advantage into consideration. Hesides, the natural 
method of heating consists in applying the heat not from 
above but from below. If this could be effected by some 
simple means then a most substantial advantage over other 
arc furnaces would be gained, as the following thermo-technical 
considerations will show. 

From the practical point of view the best method of 
heating is undoubtedly that which cau he applied with the 
least possible loss, with the greatest possible regularity and 
is so adjustable that the temperature of the furnace can 
lie regulated at will between the required maximum and 
minimum. 

These conditions are badly fulfilled in the simple are 
furnace. The losses through radiation and conduction aro 
considerable, being greater than those in a gas-fired furnace, 
on uccount of the much higher temperature. The over¬ 
heating of the surface is also greater for the same reason. 
On the other hand, the heat losses due to the heating of 
quantities of air passing through the furnace are avoided 
in an electric furnace. 

All these disadvantages are more or loss eliminated in the 
induction furnace, which certainly liest fulfils the required 
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conditions, and the question then arises as to why the arc 
furnace has made more rapid headway than its rival. The 
answer is simple! The problem of electric furnaces in 
technical metallurgy is less concerned with the thermo¬ 
technical side than with the metallurgical side, and the 
metallurgical requirements must always determine the choice 
of the system of furnace. 

The processes which the steel metallurgist Inis to carry out 
iu his furnace may be divided into three groups: 

1. Tho melting process. 

2. Tho retiiling process (oxidation by means of atmospheric 

air, or by iron ore). 

3. Deoxidation or finishing process (alloying), degasifying, 

quietening. 

The induction furnace is only to be recommended when 
it is a question of a melting process, and when its otherwise 
serious defects aro not preventive. Notwithstanding its higher 
thermal efficiency, the working of an electric furnace is too 
costly to enable it to be used ordinarily for a melting down 
process. For purely economical reasons the less perfect 
but cheaper gas-tired furnace is preferable for this purpose. 
On the other hand, for a process of refining motal already 
molted, the arc furnace is particularly well adapted. To 
produce reactions which depend on the reciprocal action of 
the slag and the metal, it is requisite to have a very hot 
slag, and to be able to work with fluid masses of si no in 
large quantity. This cannot be done in the induction furnace, 
and the aro furnace alone lends itself to such operations. In 
finishing the charge, however, the steel has to be alloyed 
with other metals, and must remain quiescent for a period. 
For this purpose heating by un ordinary electric arc is loss 
favourable. The reactions take place only within tho bath; 
tho slag has ceased to react, has become neutral, and serves 
now only as a protecting cover. 

It is, however, impossible to make use of an arc furnace 
for one part of the process and an induction furnace for 
another. The difficulty can only be met by means of a 
combined arc and resistance furnace. 
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The Nathusids Furnace. 

In the author’s furnace the charge is heated on t he surface 
by several electric arcs, so distributed that the heating is 
effected as equally as possible. Heating by means of a 
single arc is absolutely impracticable, because the arc, though 
a very intensive, is a highly localised source of heat. 

It has been said, with some truth, that the urc in the 
electric furnace is a necessary evil. It is necessary for heat¬ 
ing the slag, but its disadvantage is that its temperature 
must at least be that required to volatilise carbon <:>000° C.), 
since this is the essential condition of its existence. 

Since the maximum desired temperature of the furnace 
is between 1900° and 2000° C., it has been the author’s 
endeavour to weaken the intensity of the arc as much us 
possible, and to reduce the unavoidable over-heating on 
the surface of the charge to a minimum. In order to 
effect this he transferred as much as possible of the energy 
required for a particular furnace to the bath, or rather to t he 
bottom of the bath, and the method of healing thus approxi¬ 
mates to that of au induction furnace. By the aid of special 
means for the distribution of the current, it is possible to 
transfer a larger amount of energy to the arcs at the surface, 
or to the bottom electrodes as desired. 

From the drawing in Plate I. it will bo scon that the furnace 
is circular in form. The radiation and conduction losses arc 
thus reduced to a minimum, and the doors allow of a con¬ 
venient access to the hearth for the performance of the 
required metallurgical operations, such os drawing off the 
slag, sampling, or repairs to the bottom. The furnace can 
be tilted by electric or hydraulic means. Small furnaces up 
to 6 tons capacity are tilted on trunnions resting on vertical 
supports (in the same maimer us converters), and larger sized 
furnaces have rockers resting on rollers (like tilting open- 
hearth furnaces and mixers). 

The characteristic of the furnace, as illustrated, is that it 
has three carbon electrodes above the surface of the charge 
which project through the roof into the furnace, and three or 
a multiple of three (3, 6, 9) bottom electrodes of mild steel 
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rammed m the hearth. The upper ns well us the bottom 
electrodes are arranged in a regular triangle. No regulating 
devices or other electrical apparatus, such as transformers or 
motors, are attached to the furnace itself, but these are in¬ 
stalled m a separate well-closed room behind the furnace as 
shown in Plate I. 

The furnace is purely a metallurgical apparatus, and all 
operations may bo performed without risk of burning a motor 
or transformer, or exposing a regulator to dust. 

The carbon electrodes, which require continuous adjustment 
are suspended by cables from overhead runways, and are 
either adjusted electrically or by means of handwheels from 
the switchboard, hrom the room where these are installed 
a good view of the furnace is possible. The independent 
suspension of the carbon electrodes comprises a numl>er of 
advantages; hrst, it allows of tilting the furnace without 
having to tilt the electrodes. The breaking up of the elec¬ 
trodes is thus considerably reduced, as this generally takes 
place when the furnace is being tipped. When tilting the 
authors furnace the electrodes arc simply drawn up; secondly 
by suspending the electrodes from runways they can be’ 

readily drawn away to one side by means of a chain and 
quickly changed. 

The lining of the furnace may be either basic or acid, and 
the roof is built of silica bricks. In a basic furnace the bottom 
and the side walls are lmed with dolomite and tar rammed in 
the usual way It is a good practice to lay a few courses of 
magnesite bricks where the roof and side walls meet. The 
required repairs to the side walls when renewing the roof can 
then be done very quickly. 1« the furnace under considera- 
tion, owing to the good distribution of the arcs and their 
reduced intensity, the local overheating of the surface is not 
so p-cat. When it ,s required to renew the arch the side 
walls must also m most cases be repaired, as the roof and 
the sides bind together. Approximately. 100 heats may be 
obtained under one roof when only cold metal is chared and 
nearly double that number when hot metal is charged ’ The 
fact of the current flowing through the bottom increases its 
durabdily considerably, for it is well known that a thorough 
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burning at high temperature is the best security for a high 
degree of refractoriness. As the bottom itself is heated to a 
high temperature it becomes burnt automatically. For the 
same reason repairs can easily bo made, because the dry 
dolomite mass when thrown on the bottom is immediately 
burnt on. Any hob s retaining puddles of liquid metal, which 
might prevent the burning of dolomite, are emptied to the 
last drop by tipping the furnace to a sufficiently steep angle. 
Slight repairs to the furnace can conveniently be done during 
the interval between two charges. Heavy repairs to the 
bottom are never required. 

Coming now to the electric installation of the furnace: the 
current employed is a three-phase alternating current of 
any convenient frequency. This kind of current is the most 
convenient for metallurgical work, and in its application 
economical as well as electrical and thermo-technical advantages 
are involved. A three-phase current of any frequency may 
be used. Even in the case of melting down cold charges it 
is not required to put down a motor-generator or a separate 
generator. The furnace can be connected direct to a step- 
down oil-transformer, which reduces the voltage of the mains 
to that of the furnace (110 volts). The saving in first cost, 
as well as in working expenses, has already been commented 
<>n. Different systems of connection are employed according 
to the particular requirements of the furnace. The simplest 
and most useful connection when working with Huid charges 
is shown in Fig. I. It will be seen that there arc three 
surface carbon electrodes which are connected to the outer 
terminals of the secondary windings of the furnace trans¬ 
former. and three bottom electrodes connected to the three 
inner terminals of the secondary coil. The three inner 
terminals of the transformer are obtained by separating the 
windings at the nentral point where the three secondary 
windings of an ordinary throe-phase transformer aro connected. 
By this means the neutral zone—if it is permissible for the 
sake of a clearer understanding thus to represent ihe electric 
conditions—is transferred to the hath itself, and the current 
must gravitate from all points of supply towards this neutral 
zone. In other w*>rds, the current, though supplied from a 
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single sourc-e only, is forced to flow not only between the 
upper and bottom electrodes, but also between any upper 



Switch in O |K«ilion=Zert> point in the Iwtb. 

•• )• P r in < >n transformer with iow tanion in hearth electrodes. 

•• *»• •• — *ero point in transformer with high tension m hcartli electrodes. 


Z= Meter. 

U = Switch. 

A=Amperemeter. 
V=Voltmeter. 
W=Watt meter. 


T"=Main transformer. 
Tr.S. = Separating switch. 
q.S.=OU switch. 

Ms.Tr.=Measuring transformer. 
H.Tr.=Booster tr.insf .nnrr. 


Fta. 1.—Wiring Diagram f r Nathusras Furnace, arranged for working with high- 
tension alternating current, and transformer without neutral. 


electrode and any bottom electrode. It is thus possible, with 
a single source of current, to heat the charge in all parts, pro- 
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vided that its resistance is sufficiently high, or that the current 
is strong enough to produce sufficient heat in the charge when 
the resistance is low. 

Experts have expressed doubt as to whether any current 
flows through the bottom electrodes or ovon between tbo 
bottom electrodes of this furnace. Tn Fig. 3, in which (in 
two phases) the course of the current, flowing from the outer 
terminal (1) of the secondary winding of phase I., is indicated 
by arrows and numbers, it may clearly he seen that it is im¬ 
possible for the current to return to the starting point if it 
passes only between the surface electrodes. Hence, with this 
connection, no closed circuit can be established through the 
surface electrodes only. Since tho neutral point is discon¬ 
nected and transferred to the bath, a circuit can only be 
established when an equalising current flows through the 
bottom electrodes as well as through the upper electrodes 
towards the neutral zone in the bath. According to the first 
law of Kirchhoft', tho sum of the currents entering tlie surface 
electrodes must be exactly equal to the sum of the currents 
leaving the bottom electrodes. This proves, without doubt, 
that there must be a passage of current, lietween the bottom 
electrodes when current passes between the surface electrodes. 
Otherwise, the sum of the currents in the conductors of the 
surface electrodes could not be equal to that in the conductors 
of tho bottom electrodes. It might be said that the currents 
are only flowing between the surface electrodes and the bottom 
electrodes, without also flowing between the individual surface 
electrodes and the individual bottom electrodes. This is, how¬ 
ever, impossible, as the current must flow between two points, 
between which there is potential gradient and a conductive 
connection. Since there is a fall of potential lietween any two 
electrodes, and since the electrodes are all mutually in con- 
dnetive connection through tho metal bath, there must be 
a flow of electricity between the upper electrodes and also 
between the bottom electrodes. To obtain a clear conception 
of the electric conditions, it will be well to consider the various 
resist ances and tensions in the furnace. 

In a 5-ton Nathusius furnace the tensions are under normal 
conditions, us follows:— 
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Between the npper electrodes .... 110 volts. 

»* « lower electrodes . ... 10 

>• tt tbP upper and lower electrodes . fi 1 

The resistances are:— 

A. Between tho upper electrodes— 

1. Resistances of two air spaces. 

2. Resistance of two layers of slag. 

3. Resistance of the bath or charge. 

4. Contact resistance between slag and metal hath. 

B. Resistance between tbe liottoin electrodes_ 

I. Covered bottom electrodes : 

1. Resistance between two layers of hearth material. 

2. Resistance of the l»ath or charge. 

3. Contact resistance between liottom electrrsle and hearth 

material. 

4. Contact resistance between hearth material and bath. 

II. Expound Ihottom electrodes : 

1. Ralstonce of tbo metal hath or charge. 

•2. Contact resistance between bottom electrode and metal 
bath. 


C. Resistance between a surface electrrsle and a bottom 
electrode— 

I. With covered electrodes: 

1. Resistance of ono air sjiace. 

2. Resistance of one layer of slag. 

3. Resistance of the metal bath. 

4. Resistance of the hearth material. 

•>. Contact resistance U tween slag and metal hath. 

6. Contact resistance between metal hath, or charge and 
hearth. 

i. Contact resistance between hearth material and bottom 
electrode. 

fi. Exposed bottom electrodes_ 

1. Resistance of one air space. 

2. Resistance of metal bath. 

3. Contact resistance between slag and metal bath. 

4. Contact resistance between metal bath and lx.ttom 

electrode. 
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The tension between the upper electrodes ami between t he 
upper and the bottom electrodes is constant, whereas the ten¬ 
sion between the bottom electrodes depends on the resistance 
between the bottom electrodes. It is now theoretically jjos- 
sible that in the case of covered bottom electrodes, and with 
a cold hearth at the beginning of a run, the tension at the 
bottom may also reach 110 volts, under which condition no 
current could flow between the electrodes. Such a condition, 
however, does not occur in practice, because, as with an open- 
hearth furnace or a converter, a relined electric furnace must 
be heated before it can be started. The bottom will therefore 
soon become a good conductor; its resistance will diminish 
gradually as the furnace becomes warmer, and the tension will 
fall to 10 to 15 volts. 

It is evident that the distribution of the current will be 
considerably influenced by any alteration of the air spaces, 
and of the resistance of the layer of slag or of the bottom 
material. If the charge consists of ore or of scrap iron with 
large air spaces, then the electric resistance of the ehargo is 
quite high enough to generate a sufficient heat in the charge, 
with the usual current of 3000 to 4000 amperes. 

A bettor contact with the charge is obtained with exposed 
electrodes. These are made of mild steel, and. to prevont 
thoir melting, it is necessary to cool the portions outside the 
furnace with water. 

If the charge consists of fluid metal, such ns mild steel, 
then the heat in the bath may be increased by employing 
bottom electrodes covered with a layer of the hearth mate 
rial, as shown in Plate I. This material will then act as 
a heating resistance, and the comparatively low resistance 
of the bath can be increased by taking advantage of contact 
resistance, hysteresis, eddies, or skin effect. 

If this increase of resistance does not suffice to produce 
fhe necessary heat effect in the charge, then tho current 
Mowing between the Imttom electrodes may be strengthened 
by insorting a booster transformer in the circuit of the elec¬ 
trodes. as shown in Fig. 2. By this means the heat produced 
by the bottom electrodes may be regulated from zero to any 
desired maximum, just as the are-heat may Ik> regulated by 
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lifting or lowering the carbon electrodes. By using the 
booster transfonner in connection with a tension regulator 



A—Amperemeter. 

V - Voltmeter. 

W = Wattmeter. 
i— Meter. 

T M = Main transformer with fixed 
neutral. 


P. R. - Potential regulator. 

T*= Booster transformer. 
Tr.S. = Separating switch. 

O.S. — Oil transformer. 

Ms.Tr. - Measuring transformer. 


Fin. 1—Wiring Oiagram for Naihusius Furnace, with tension alternating current 
main transformer with fixed neutral and potential regulator for variable hearth 
heating. 


(see diagram of connections. Fig. 2), the energy delivered at 
the upper as well as at the lower electrodes can be regu¬ 
lated to any desired degree. The regulation is based "on 
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changing tho voltage, is independent. of the actual resistance 
of the current, and is effected by the uso of a double push 
button without disturbing the working of the furnace and 
without switching the transformer out; it is also independent 
of the main transformer. The tension regulator is worked by 
a small auxiliary motor, supplied with energy by a small low- 
tension three-phase transformer. The circuit of the auxiliary 
motor is closed by manipulating one or the other push-button, 
and by moans of a worm-gear the motor turns the tension regu¬ 
lator in either direction, whereby the tension of tho transformers 



is either augmented or decreased. On the release of the 
push-button the motor and the tension regulator stop in the 
desired position. By means of a contact relay the regulation 
of the tension may be done automaticully. Tho same opera - 
lion may, of course, bo carried out without the booster trans¬ 
former. The main transformer must then have an adjustable 
neutral, whose position may be adjusted so as to increase the 
supply of energy to the arc-circuit or to the bottom-circuit, 
as required. A connection of this type is shown in Fig. 3. 

The electric current can thus bo compelled to How through 
the bottom lining and the bath or chargo, as well as through 
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the slag, and a oomparativoly large resistance is brought into the 
electric circuit. The resistance acts as an electric buffer by 
diminishing the unavoidable jumps in the arc-current, and 
thus enables the furnace to be workod either direct from the 
supply mains (if 110 volts is available), or on tho circuit 
ot an ordinary static transformer. The installation of an 
expensive motor-generator and complicated cboking-coils are 
savod. The furnaces which have been in continuous work 
for many years at Friedcnshiitte bear out these statements 
Both the 5-6-ton furnace and the 2—3-ton furnace are con¬ 
nected direct to the supply mains, and have never caused 
trouble at tho generating station. 

The accompanying load-curves also show that the favour¬ 
able methods of connection adopted by the uuthor elimi¬ 
nate the violent fluctuations in the arc-current. The curves 
have been determined by means of a registering wattmeter 
with unequally loaded phases, whereby the effects of the self- 
induction in both circuits (arc and bottom) are eliminated. 

As may lie seen from Fig. 4, in recording tho measure¬ 
ments taken on the 5-6-ton furnace, the total working period 
of each heat Is divided into two or three stages, each marked 
by adding new slag either once or twice. Small discrepancies 
in the curves are not caused by unsteadiness of the arc-cur¬ 
rent. but are due to fluctuations of the primary tension or to 
manipulations of the furnace. 

It will l»e plainly observed that the slate of the bath in¬ 
fluences to a certain extent the fluctuations which occur 
shortly before slagging off. that is when tho bath is par¬ 
ticularly hot and boils while giving off gas.-s; the fluctua¬ 
tions are also considerable after adding slag, because then 
the strongest reaction takes place. 

The cunes show that, at an average load of 350 kilowatts 
at the arc-electrodes, an average load of 60 to 65 kilowatts 
is available at the bottom electrodes (Fig. 8). When the 
electrodes are bare the power in the bottom electrode cir¬ 
cuit is reduced to 42 kilowatts (Figs I and 9). The curve 
in Fig. 6 is the secondary load curve of the arc-circuit of 
the 2-ton ferro manganese furnace when melting down cold 
charges. 
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Fig. 0 shows a load curve from the primary side of the 
transformer for the 5-6-ton electric steel furnace with fluid 
charge. The curve shows the fluctuations in the load, which 
is of importance to the generating station, and indicates that 
the furnace causes considerably less fluctuation of the current 
than a simple urc furnace, although it is only on the circuit 
of a simple transformer. 

The curve in Fig. 7 clearly shows the difference in the 
fluctuations in the case of a simple arc furnace and those 
of a combined arc-resistance furnace. The Xathusius con¬ 
nection is applied in Diagram 1., and that of a simple arc 
furnace in Diagram II. 


O WATT 


jjtam J 


4 HOUKi 


Heat No. IMA (Rammed hearth clectrwles.) 
t 'bulge ...... 540“ kilogrammes liquid turn. »i<-el. 

Yield.62110 kilogrammes material high in silicon. 

Energy consumed ^Deluding losses t 

in transformer and secondary ! UQ*> kilowatt-hours, 
conductors . . . 

Ftti. 6.—Laai| Cunt of a 5-6-lon Nathusius Furnace. 
iPtimary circuit, with combined surface and bottom heating.) 


The cause of these differences will l»e understood on con¬ 
sidering the tension diagram. When the neutral point of 
the main transformer in the Nathusius connection is re¬ 
moved to the bath, the tension between the bottom elec¬ 
trodes is a function of the current flowing in tho arc-circuit, 
U. certain tension fluctuations will be moasuruLle at the bottom 
electrodes when great oscillations occur in the are-circuit. 
Since the secondary phase-tension is at constant primary 
tension, the tension at the arc-electrodes must drop when tho 
electrodes arc short-circuited. Thus the oscillations due to 
short-circuiting of the arcs are damped, and this has a greater 
effect than th6 increase of tho energy supplied through the 
bottom electrodes. 
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Ihe putting in of a booster transformer does not alter 
these conditions, and it is therefore to be observed on the 
curves, tigs. 7 and 8, that each loud peak in the aro- 
circuit corresponds to a load peak in the circuit of the 
bottom electrodes. 

The lines of force traversing the molten steel bath produce 
a rotary magnetic held which causes a rotation of the mate¬ 
rial In the author's furnace a moderate rotation ol the bath 
is attained by leading the current through the large cross- 
section of the bath and in different directions. It is also 
obvious that by distributing the current in the depth of the 
bath as well as on the surface the rotary magnetic field is 
produced throughout the entire bath. In this way not only 
a very uniform heating of the bath is obtained, but also an 
extremely homogeneous product. This advantage is especially 
important in producing alloyed steels. 

The question is now, how can an arc-resistance furnace be 
economically applied in metallurgy ! To give a general 
unswer is of course impossible, as it depends entirely on 
individual or local conditions as to how the electric furnace 
can be applied to the best advantage. 

Taking the case of largo blast-furnaces and steelworks where 
there is available blast-furnace gas, and therefore also com¬ 
paratively cheap current and liquid steel cither from a converter 
or an open-hearth furnace, and where the required grudes of 
steel are not tool-steel, but ordinary steel such as hard materiul 
for rails, structural steel, projectiles, or soft material for tubes, 
plates, hydrogen flasks, Ac., in largo quantities, an electric 
furnace of the same capacity as the converters or the open- 
hearth furnaces is the most suitable, as undivided and par¬ 
tially refined charges can then be used. Whether this is 
possible depends upon whether there is a sufficiently good 
market for the grade of steel to be produced in the electric 
furnace. At Friedenshiitle, however, a 5—(j-ton furnace 
had to suffice, and this was in continuous work for more 
than two years in combination with basic steel works. The 
converters there have a capacity of 12 to 15 tons, of which 5 to 
6 tons arc charged into the electric furnace, and the remainder 
is cast into ingots. The results given in Table I. show this 
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disadvantage very clearly by the long duration of the heat 
and the high current consumption. 

The partially retinal initial charge of the electric furnace 
was of the following average composition:— 


Per Cent. 

Carbon . oiK!7 

Manganese .* 0'« 

Pbospborns . OIKS 

Sulphur .* . 007 


After completion of the re lining operation 
ing average composition:— 

Carbon . . 

Manganese ....... 

Phosphorus ....... 

Sulphur ........ 


it had the follow- 


Per Cent. 
Ml® 
OTO 
0-0U& 

uei 


The method of working is, of course, unfavourable, because 
the deoxidising additions, such as manganese, must ugain bo 
removed which means waste of time and current. 

One question, then, arises whether it would not be possible 
under certain circumstances to work the electric furnace eco¬ 
nomically in direct connection with the blast-furnace or mixer 
and thus dispense with the converter or the open-hearth 
furnace altogether. 

In the preseut state of the electric furnace the author is of 
opinion that such u step would be premature. 

In large metallurgical works cheap producer coal is gener¬ 
ally available. In such cases gas-tiring is always a cheaper 
heating agent than the electric current, even when the latter 
is generated by blast-furnace gas-engines. There is no object 
in performing operations in an electric furnace which can be 
done sufficiently well in a cheaper gas-tired furnace. 

But even if coal is expensive and electric power very oheap, 
say at 0 07 of a penny per kilowatt hour, the question must 
still I>o answered in the negative. In working up direct 
rnetul in an electric furnace by a process similar to the ore 
process in the open-hearth furnace, the refining would take 
too long a time, on account of the large quantities of ore and 
slag which would be required in the neutral atmosphere. The 
control of the large quantity of slag by heating from above 
with arcs would uo doubt be a most difficult problem, and 
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FIG. 9. — I.oad Curves of u B-Q-iot> Nalhutius Furnace. 

I Exposed electrodes In the hearth. Curves taken on secondary circuit. I 



















70 NATHUHIUS: IMPROVEMENTS IN ELECTRIC FURNACES ANI> 

the refining would bo indefinitely prolonged. Even with the 
cheapest possible power supply the cost of transformation 
would unquestionably be higher than that of heating an ordi¬ 
nary tilting opcn-heartli furnace. 

The author is of opinion that the conversion of pig iron by 
electric means may economically be performed in a heated 
mixer or tilting open-hearth furnace. When an open-hearth 
furnace is charged with hot iron either direct from the blast¬ 
furnace or from a hot mixer it is a well-known disadvantage that 
the whole bath must be kept unnecessarily hot for a long time 
after adding the cold slag additions before an energetic reaction 
cau take place between the metal and the still unfused slag. 

The slag additions might, however, with advantage be 
melted ui a separate furnace, and for this purpose the electric 
furnace, and particularly the combined arc-rcsistancu furnace, 
is better suited than any other because of the high temperature 
attainable and the high resistance of the eharge. The fluid 
slag of the proper composition cau then be charged direct on 
to the metal bath. A violent reaction and disturbance will 
then take place in the bath, and the refining will bu completed 
in a very short time. In large steelworks, with a row of open- 
hearth furnaces at work aud where the demaud for fluid slag is 
continuous, the electric furnace may bo arranged as a kind of 
slag-mixer, which can always deliver slag capable of reaction. 
This method might porhaps be usefully applied in the Talbot, 
Bertrand-Thiel, or Hoesch processes. 

In any case, tho time of the refining process would be 
considerably shortened, while it is evident that the two mollcn 
masses can react more rapidly on each other. The reaotion 
is also certain to be more complete than when tho slag is 
charged cold. Under these conditions it may become possible 
to convert direct metal into mild steel in an electric furnace, 
assuming the electric energy is generated by means of blast¬ 
furnace gas. 

The same method may also be Used with advantage in 
combination with a heated mixer and u tilting open-hearth 

furnace. A third furnace—an arc-resistance furnace_muv be 

added with advantage. Such a combination of furnaces is 
shown in Fig. 10. It will be seen that there are three 
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furnaces. Furnace C represents the hot mixer, B the tipping' 
open-hearth furnace, and A the arc-resistanee furnace. 

The three furnaces are intended to work together in such a 
manner that furnace A contains steel (refined metal III.) 
which has undergone a preliminary refining in the two fur¬ 
naces t' and B. For the removal of the remainder of the 
impurities the hearth is charged with a highly oxidic slag (1). 

Furnace B contains pig iron (medium metal II ) which has 
already been partially refined in a mixer (furnace C). The 
further refining is effected by’ slag 2, now lowor in oxygen, 
from furnace A. 

When the reaction is finished in furnace B the metal (II.), 
the refinement of which is now fairly advanced is charged into 
furnace A, while the pig iron bath I. is treated in furnace C with 
slag 3, now comparatively low in oxygen. The slag in fumaoo 
C is then poured otY, and is a most valuuhle one if the pig 
iron used is phosphoric. At the finish the slag consists chiefly 
of lime, silicic ucid. and phosphoric acid. 

This method possesses many advantages. First, the phos¬ 
phorus contained in the pig iron, and valuable in the slag, is 
not lost. Secondly, all the iron in the slag is reduced, and 
(he yield can thus la; increased. Thirdly, very little or no 
worthless slag need be produced, which saves the expense 
of transport to the waste heap. Lastly, the refining of the 
metal can lie carried practically to perfection. 

For the melting down of ferro-alloys electric furnaces may 
also prove highly useful in large iron and steelworks. For 
this purpi.se the nrc-resistanee furnace has special advantages. 
In order to melt down the expensive alloys quickly and without 
waste or evaporation losses, the heating must bo as uniform as 
possible—conditions which can be realised fully with an arc- 
resistance furnace. The Wost German Thomasphosphate 
Works have a method for melting down and working these 
ferro-alloys in which the material, such as forro-manganeso, 
is to some extent overheated, is kept molten for some time in 
a mixer under the one slag, and is overheated somewhat with¬ 
out loss of manganese through burning or evaporation. 

This process has been used for more than a year at 
Friedenshutte in Upper Silesia, using an arc-resistance 
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furnace of 2 to 3 tons. The furnace is in continuous 
operation, and is employed to melt down ferro-manganese for 
use in the basic Bessemor converter. The gain obtained by 
this process amounts generally to 0*35 shilling net per toil 
of steel, and has at times risen to over 0 4 shilling. It is 
based on the saving of forro-manganose, which amounts to 
about 30 per cent, of tho former consumption when using 
cold ferro-manganese. The saving is effected by the taking 
up of all the molten ferro-manganese into tho bath, and the 
losses in the slag are eliminated. The molten ferro-manganese 
reacts much more vigorously, and a smaller quantity is there¬ 
fore required to produce the same reducing effect as a larger 
quantity of cold ferro-manganese. Lastly, ferro-manganese 
which has crumbled to powder through storage for a Ion« 
time may be used without disadvantage, whereas formerly 
it was considered valueless. 

In Table IV. it is stated that the cost of the former method 
of heating the ferro-manganese in a reverberatory furnace was 
4s. 2d. per ton, and that that of the present melting-down 
process in an electric furnace is 19s. Id. Table V. shows that 
by saving 30 per cent, on the former annual consumption of 
3300 tons of ferro-manganese, the gross saving amount* to 
£8208, 15s. This is a considerable saving in lass than one 
year, duo to the introduction of the electric furnace. 

But even if the costs of current, ferro-manganese, and other 
items wore such that there would be no net, saving, it would 
nevertheless be of a/1 vantage to erect an electric fitrnace for 
the process. By the use of molten and somewhat overheated 
ferro-manganese important improvements are obtained hi tho 
quality of steel, and the working is facilitated. 

The speed of diffusion with molten and slightly overheated 
ferro-manganese is of course much greater than that of cold 
ferro-manganese, the reason being that the reactive capacity 
of the molten ferro-manganese is much greater, and the de¬ 
oxidation of the steel is consequently much more thorough. 
This is proved by tho fact that overblown charges can easily 
be remedied with molten ferro-manganese. Further, material 
containing 0*25 to 0*3 per cent, of manganese can be easily 
rolled without cracking when the charge has been reduced by 
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molten ferro-manganese. while the material from similar 
charges reduced with cold ferro-manganese containing up to 
0'3 to 0*4 per cent, have broken in the rolling-mill. 

Further — what is very important in the manufacture of 
rails—the portion of the molten ferro-manganese which is 
required to alloy with the steel distributes itself much more 
regularly in the iron, as the alloying capacity of the molten 
ferro-manganese is much greater than that of the cold ferro¬ 
manganese. The segregation of the manganese, which other¬ 
wise easily occurs, is thus eliminated. Also the reducing back 
of phosphorus from the slag into the bath when cold ferro¬ 
manganese is used, is avoided. The molten ferro-manganese 
does not come into contact at all with the slag of the steel 
charge, because it is poured straight into the clean stream of 
metal while the converter is being poured. The result is that 
t he desired chemical composition of the final product is obtained 
with much greater certainty, and spoiled charges are avoided. 

Since the adoption of the molten ferro-manganese process 
at B’riedenshutte, the analysis of the converter charges have 
shown a much greater uniformity. 

The foregoing clearly shows that the melting down of 
ferro-manganese in an electric furnace, and its application 
all at once in the liquid state for the deoxidation of basic steel 
charges, is an important metallurgical improvement on the 
Bessemer process. The technical progress of the latter 
method has of late years lieen more in a purely constructive 
direction, such as an improved arrangement of converters or 
transport of materials. In the metallurgical sense, a certain 
stagnation seems to have set in which, rightly or wrongly has 
brought I ho old process into discredit. The author hopes 
that this new method of reduction will serve the purpose of 
restoring its former credit. 

Among basic steel works in Germany which have adopted 
the new process may be mentioned the Friedenshutte Works 
anil the Hosper Works. 

It is obvious that the same process may be applied to Lhe 
basic open-hearth furnace or the Talbot process, when a large 
number of these furnaces are working continuously. The 
saving in ferro-manganese will probably be as great "in these 
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cases, anil an improvement in tho quality of steel would 
result. The new method would also prove of great advantage 
in cases where reduction must take place in the ladle, as in 
the Talbot process. 

Instead of forro-mangnneso alone, one might also melt down 
mixtures of forro-manganese and ferro-silicon or aluminium, 
according to requirements. The result is always the same, 
namely, improvod qualities and saving of expensive flux. 

Ihe author believes that steel alloys of tungsten, chromium, 
molybdenum, ftc„ as used for ordnance and armour plates, 
may with advantage be molted down in a small electric 
furnace and charged in a molten condition. Tin's method 
ought also to be useful in the production of high silicon steels 
and high manganese steels. 

In conclusion, the author must not omit to refer to the 
following applications of the electric funioco :— 

There is a great deal of waste at large tool-steel works of 
valuable steel alloys, such as turnings of nickel, chromium 
steels, tungsten steels, or high silicon steels. This waste 
cannot be melted down with advantage in an open-hearth 
furnace or in a cruciblo furnace. The reducing slag and the 
oxygen of the open-hearth furnace gases would cause a great 
waste of valuable material In a crucible furnace the material 
may absorb carbon from the crucible, and. being too open, it is 
not suitable for charging crucibles. The crucible furnace is 
also too expensive. 

In the electric furnace the material may be melted down 
under a neutral slag and in a neutral atmosphoro. practically 
without any waste and without changing the chemical compo¬ 
sition of the charge. Tho electric furnace is also more suit¬ 
able for open material on account of the easy access and its 
greater capacity compared with the crucible. 

There is hardly any metallurgist who will deny that the 
electric furnace is more porfeot than any other furnace of 
the present day. If. nevertheless, the results in many cases 
have not been so good as might have b«*cn exjtected in the 
hands of an experienced metallurgist, then the reason is as 
has often been tho case in the past—that tho development 
has advanced at a greater sliced than the requirements 

1912.—I 



82 


MATHFSJTJS: IMPROVEMENTS IN ELECTRIC FURNACES AND 


Table I. 


Heat 

length of 

Charge. 


End Analysis. 


Kilowatt. 

hours 

No. 

Time 

P. 

Mn. 

C. 

S. 

catte timed 
|jcr Ton. 

188 

hr. min. 

3 o 


0-008 

0-15 

0i« 

0*01 

242 

1NO 

3 

0 


0O1 

Oil 

0-U6 

0 it] 

237 

343 

2 10 

M 

0-003 

0 10 

oi)7 

01114 

236 

:»« 

3 40 


0-IW2 

o-U 

0-058 

0018 

265 

400 

3 10 


OIMC. 

0-08 

0-068 

0111 

242 

488 

2 45 

• • 

0003 

0-115 

0*00 

0H17 

266 

511 

3 

0 


OOl 

0182 

•HI5 

0-01 

218 

558 

3 SO 


0002 

0-093 

0416 

01*W 

265 

559 

3 10 


0-003 

0-lo 

0-05 

om 

225 

582 

3 ao 


Sp. 

o-Ol 

0i>5 

Oil] 

229 

664 

3 20 


0 003 

0 13 

<105 

IHII 

22ft 

667 

3 2*0 


01811 

0 13 

0-06 

01)1 

244 

613 

2 46 


0-003 

0-07 

0i« 

01)1 

248 

627 

2 lo 


0004 

o-oo 

OUtl 

o-Ol 

232 

628 

2 40 


0 006 

0-09 

005 

01)1 

22# 

690 

3 

0 


0-004 

0-10 

0 05 

om 

170 

G33 

3 15 


0-003 

o-A9 

013 

001 

236 

6«i 

3 10 

*1 

om 

0-13 

0-06 

o-oi 

176 

638 

2 5*1 


0 003 

0*12 

Oi* 

001 

172 

1139 

2 45 


0-006 

0-00 

005 

om 

130 

641 

2 40 

• • 

oflir. 

0-14 

o-oo 

om 

100 

>447 

2 30 

«• 

nix»3 

0-11 

(»fi5 

o-Ol 

l.SO 

14(8 

2 »• 

»• 

0-06 

015 

0D6 

0 01 

173 

H4H 

2 20 


0-1844 

0 54 

0f»7 

01)18 

16-1 

027 

2 25 



0-78 

0ii6 


l.Y» 

918 

2 30 



059 

0-05 


154 

yjs 

2 

0 



0 20 

01*5 


160 

1529 

4 30 

Solid 


024 

0ii9 


m mi 

1326 

6 

0 



0-22 

0*005 


w> 

1517 

5 30 



0 25 

0 157 


6.11 

1418 

5 4o 

49 


0-18 

o-16 


r>ii» 

1158 

5 30 

4* 


0-15 

0-085 



1543 

1! 20 

*• 


0-166 

016 


Osh 

wo 

6 

0 

«» 


0-25 

0 126 


r,»u; 

H77 

6 50 

«* 


0 17 

o-io 


*>03 

1472 

5 50 



0 20 

0-06S 



1420 

6 15 

f* 


0-18 

01185 



559 

7 55 

• • 

odoo 

027 

0 86 

Sp. 

Sp. 

Sp. 

510 

468 

7 » 


01)19 

0-40 

118.1 

747 

478 

470 

5 35 

" 

0 0(81 

035 

0 59 


Viold in 
Kilo- 
jarame. 


SOW 

57a> 

Oltsi 

5750 

5410 

63110 

57HO 

5450 

5090 

5520 

5500 

6370 

5400 

5440 

Moo 

6690 

54' ■ i 
5890 
5750 
5700 
8680 
5470 
5210 
5830 
5800 
5850 
5800 
5540 
5400 
5450 
5750 
5750 
5000 

57<l«» 
5850 
all Ml 
5800 
49« o 
4880 
5580 































End Analysis, Tensile Stress. 
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Table III .—Coit of Conrerinun of 1 Ton of J.updd Electric Steel 
in the it-d-ion Xat/iusiiif Furnace. 


With Liqcid Charge. 

Additions :— Shillings. 

Ores (at 29'15s. per ton), 25 kilogrammes ..... 0'72 

Lime (at 12s. per ton). 30 kilogrammes . 0'3C 

Sand fat 2s. per ton). 3 kilogrammes ...... n on 

Fluorspar (at 20"20s. per ton), 4 kilogrammes .... O il 

Petroleum coke (at 38s. per ton) . 012 

Deoxidising Agents - 

Fcno-manganese (00 per cent at lWs. per Ion), 0 kilogrammes 0U6 
Ferro-silicon (78 per cent, at 810*. per ton). 1 kilogramme 0'31 

Aluminium (at £07 per ton), 0*5 kilogrammes . . 0-07 

h’efraetary :— 

Roof (at 12'lQs. per Ion). 100 heats per too .... O’fiO 

Crushed magnesite (at 80s. per toni. 4 kilogrammes . . . 0'20 

Crushed fireclay (at 15s. per ton I, 4 kilogrammes . . . n isi 

Basic material |nt 34s per ton), 15 kilogrammes . . 0 81 

Crushed tire-brick (at 17‘50s. per ton). 4 kilogrammes . OH'. 

£ feet rude i 

(At £14, 10s. per ton). G7 kilogrammes . . . 1415 

Holder (at 1'50s. pertonl ....... O'UO 

I rages.— 

Six hands ... I'M) 

Current : — 

250 kilowatt-hours at 0sl8* . . . 7 TO 


Depredation and Interest :— 

10 per cent., .tod ft per cent., on capita! outlay of £5000, intent 

royalties and management charges not included ... 1 '70 


With Solid Charge. 


1733 


Lime (42ts kilogrammes at I -90s. per 100 kilogrammes) . . O'Gl 
Sand (ft kilogrammes at 0-315. per im kilogrammes) . . 0'UC* 

Dolomite (82'ft kilogrammes at S'40s. per 100 kilogranimesl 17H 

Fluorspar (0-4 kilogrammes at 2 02s. prr 100 kilogrammes) U'17 

Refractory material . 3 - 3.1 

Coke 12-3 kilogrammes at 3 80 s. per 1(8) kilogrammes) , . oil0 

Coal for beating ladle (30'0 kilogrammes at 2U'ls per loo kilo- 

gnmn)P!i -»••••• , 0*77 

Electrodes (13*3 kilogrammes «t 30- |wr K« kilogrammes i 4 -no 

Current |7!»' kilowatt -hours at 0sQs. |. . . . 2170 

. . "it-64 

Repairs . t . . 370 

Various material* . 


Depreciation and interest on £5000 (15 per cent ), patent 
royalties and management charges not included . 


50 4ft 
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Table IV. —Ctnnparatiov SI oleum n t of Cod*. 

A. Fur nit Pie-heating op 1 Ton ok Ferro-mangancse in rut Furnace 
wini Liike.lt Coal-siring. 

1. Consumption of coal in pre-healing ol l ion lerro-mangancsc when cooJ umi t. 4. 


111 . Sill, per ton.. 1 11 J 

2. Wages per ton ferro-manganese. 1 "1 

3. Cost uf re-lining and repairs of furnace pet tun ferTO-roiuigancse it 01 

I- 10 per cent, linking fund »nd depreciation of furnace at IX!If value and 

330" tons annual consumption of ferru-manganoe. per ton . . n 2 

Heating cost per ton ferro-manganese . . f 2| 


B . Fol Melting 1 Ton ok Ferro-Manganese in the NatHURIUs Furnace, 
I. Consumption ol curieni |er ton of feno-nunganese, Son units, at aliout |d. 4. 


PCTunit . 14 1 

2. Consumption of electrodei per ton ferro-manganese . ... 1 3 

3* Wages per ton fcrro-manganesc f J 71 

f- Re-lining and ivpair* ol furnace |ier ton of ferro-mangancsc . . 0 6 jf 


6 . 10 per cent, sinking fund anil depreciation of plant ol C10U ca[atuJ value and 

231*1 tons annual ooniumptian ol liquid (erru-manganese per ton . . 1 Hj 

Melting costs per ton of ferro-nbiugunese . . . 10 14 

A. Cmt per ton of steel with a consumption of 7*8 kilogrammes of preheated r. 4. 
ferro-manganese, wilii 8 " per cent, lerro-manganese at 45*. 5s. KM. 


per ton ..14 

B. CoU per ton ol steel with a consumption of 5*5 kilogrammes (30 per rent, 
saving) ol liquid ferro-nunganese, 80 per cent, ferru-manganrsr, at 
18 . 5s. lOd. per ton..10 


Saving per ton of steel with liquid term-manganese 0 4 

Table V '.—Edimote of Sarimj. 

Boied on an annual consumption of 3300 tom ul solid pre-healed ferro-manganese and 
80 per cent, lerro.manganese at £8 os. lud. per ton. 

By using one 2-3-ton electric furnace of die special type described, and adding the ferro- 
manganese liquid, a saving of 3" per rent, is effected, that u. with liquid ferro¬ 
manganese, the annual consumption is reducer! to 2310 taus. 

Coil of beating according to statement A= 4s. 2J.1. per ton. 

.. melting „ B- 1 :*, ij,i. 

Tons. 

Furmer consumption of solid ferro-manganese (I er annum . XRIO 
Present 231" 

Annual saving in ferro-mangancse . . . Wn 

4' 1. 4 . 

Representing a gross value of JK.li • £8. 5s. tod. . VJ"8 15 D 

From which deduct — £ j. 4. 

Present cost of metling, 2310 s 19s. IJd. 23* 18 9 
Aro — Former cost ol heating, 3>«»4s, 2)<l. fi!M 7 0 

- 1514 11 3 


Annual net saving 


lidlM 3 # 
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Estimate of profit assuming that a taring of not more than 30 percent. is made l.y liquid 
admixing, that is, that with liquid ferTn-nianguaesr, the animal consumption Is 


Korroer consumption of >ulid 
Present ,, 


ferruniungunese per 

*» M 


annum 


Ton*. 

3»«i 

am 


Annual saving iri fcrru-msngiusse 


fittl 


O E m . 4 . 

Repcesenting a gloss value of ti&lx £8, fis. littL, . . a»72 III o 

Prom which deduct— g j 

Present cost of melting, 2640 x llts. IJd. 2534 10 0 
/ant—Portnoi cost of heating, 3$*ix4v 2Jd. <-,04 7 fi 

- - 1830 2 ii 

Annual net saving .... 3042 7 C> 
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DISCUSSION. 

Mr. A. Windsor Rich akiis (London) said that the paper would be 
read by every metallurgist if only to find out if any substantial reduc¬ 
tion in working casts with the electric furnace had been brought 
about. That was the important point lu electric furnace working, 
but after consideration of the question it appeared to him that except 
in those countries where there were large deposits of good iion ore 
anil cheap power the electric furnace was not likely to make very 
much progress. The author admitted that the question of cost was a 
serious one, and from that point of view Mr. Richards wished to criti¬ 
cise the processes suggested by the author. Reference was made to 
molten oxide, and certainly no one who had worked the multen basic 
open-beartli process could doubt tbut such oxide would hnsteu the 
process very much. It was suggested that it should be melted in an 
electric hit furnace, and the fluid oxide pouri-d into a second furnace 
containing the molten metal, and that such a method might be use¬ 
fully applied in the Talbot, Bertrand Thiel, or Itocsch processes. 
There was no doubt tlmt such a method would increase the speed of 
working very much; but that would be achieved at considerably 
greater cost, and it must at the same time be borne in mind that the 
resultant product would not be electric steel ut all, but would still be 
Talbot, Bertram 1-Thiel, or Hoesch steel. L>r. Nathurius went on to 
state the method might be employed with two electric furnaces, one for 
melting oxide and one for refining ; but several considerations arose in 
connection with the proposal to employ two furnaces for making one 
heat, and the expense would make it impossible. Then there was the 
suggestion of employing three furnaces, the three being intended to 
work together, and the third furnace containing steel which had under¬ 
gone u preliminary refining in the two other furnaces, the slag being 
brought liack from one furnace to another. The author suggested 
that the method possessed many advantages, but Mr. Richards could 
only describe it as a maze of operations. Perhaps the mast imjKirtnnt 
part of the paper wits where the author dealt with the melting down 
of ferro-manganese in are furnaces. That seemed to lie an important, 
and useful development which might commend itself to steel workers. 
Reference was made to the fact that there was a distinct gain by that 
process, based on the saving of feiTO-inanguiie-e, and indeed the 
author stated that less manganese was used, u statement with which 
Mi-. Richards agreed. The process would be rendered more etlicacious 
and the resultant steel would be improved. 

Mr. K. C. InnoTHoN (Sheffield) assumed tliat the author’s experi¬ 
ence had been entirely with are furnaces. At the present time the 
original Kjellin simple induction furnace in Sweden was still at work, 
although the owners luul tried several other types of electric furnaces, 
producing a fair quality tool steel. With regard to highest quality 
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of carlion tool steel, with, for instance, 130 per cent, of carbon, it 
remained to be proved whether any type of arc furnace could produce 
such steel. He (Mr. Ibbotsun) was not a basic steel man, although 
he luid seen a good deal of the “ Kbchling-liodenhauser ” induction 
refining furnace, which was working commercially. Four at Luxem¬ 
burg were making excellent steel castings. As to tlie comparative 
consumption of current in induction and arc furnaces, for an equal 
amount of melting or refining the induction furnace was quite us low 
as the arc furnace. There hud been a good deal of theoretical exagge¬ 
ration altont the pinch effect and the non-heating of the slugs in 
induction furnaces. Unfortunately, until recently the induction 
furnace in Great Britain hud not hod a fair chance. At .Sheffield the 
first induction furnace put down was started np with an old altered 
generator which only gave about half the power required. Thu next 
two induction furnace.' were put dowii by an electrician ; the\ never 
had a prujsir lining, ami no results were obtained. At the "present 
time there was an induction furnace in Sheffield in which about 300 
tons of steel hiel been made on trial; but that furnace up till recently 
bad been hampered by so-railed improvements. 

Mr. K. H. Samtkk, Bessemer Medallist, said that through the kind- 
ness of Dr. Nuthusius he had, a year ago, seen the furnace working. 
It oppeored to he working quite satisfactorily, but whether the mtht-r 
eouiplicatod electrical arrangements realised the heating of the liottum 
as claimed, he was not uble to say. At that time the electrodes were 
buried in the 1st tom. He now uoticbd that both buried and exposed 
electrodes were mentioned in the paper; he would like to ask which 
sort were now used in the furnace. He would be rather inclined tu 
think that the use of buried electrodes when melting cold charges 
would damage the bottom, and that viow' seemed to be confirmed bv 
the consumption of 52 5 kilogrammes of dolomite per ton of steel 
given in the cost sheet. He agreed with Sir. Richards that it would 
be a difficult process to transfer slag from one furnace to another. 
The melting of ferro manganese might, be economical for tbe basic 
Bessemer process, where the waste of manganese was very high, hut 
the reverse for the ltusir open-hearth, where the waste was very low. 

Mr. E. Kiutuax Scott (London) thought that the author had suffi¬ 
ciently condemned the induction furnace to abrogate the need for any 
further remarks on that head. He approached the subject from the 
standpoint of an electrical engineer, and would draw attention to the 
statement on pnge 53 with regard to the low power factor, where the 
author pointed out that the electric generator for the induction fur¬ 
nace must, even with the installations of medium sixe, be designed 
for a power factor of between (Ml and 0 7. That meant a good deal 
to the steelmaker, because so much more generator plant had to be 
provided. Certain rotary machinery would improve the power factor 
bat such rotating machinery required looking after. The author, for 
various reasons which were set out at length in the paper, recoin- 
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wended the are furnace, au<l he certainly made out u good ea.se. 
Further, he backed up his arguments with a set of drawings which 
were nut were diagrams but were to scale—working druwings—from 
which any one could make a similar plant. What was specially 
required was a design of furnace which, when working with alternat¬ 
ing current, gave a higher power factor or else used direct current 
from hoinopulur dynamos. A factor which told considerably against 
the induction furnace was tbe pinch effect. In a recent design of 
furnace, the liering furnace, what appeared to lie a successful attempt 
to take advuntuge of the piuch etfect had lieeu wade. When current 
flowed in two adjacent conductors there was a tendency for the con¬ 
ductors to collapse iuwards. In the induction furnace the welted 
wetal wight ho considered as a number of elemental conductors, which 
being attracted to one another wight actually pinch across and stop the 
continuity of current. A large enough current or irregularity in the 
lining of the channel would cause it. Naturally no apparatus could 
withstand effect* produced by occurrences of that kind for any length 
of time. In the Uering furnaces the electrodes were in the refractory 
lining in the bottom, and they were connected with the secondary of 
a transformer. Abuve the electrodes there were two tubes which it 
was convenient to call resistor tubes, uud those were of course fidl 
of metal. When current flowed the metal was pulled inwards by the 
electrical forces, and consequently tended to lengthen. As it could 
not tweape downwards because of the electrodes, it was driven upwards 
to the under side of the blanket of slag. Tbe pinch effect in the 
induction furnace was so serious that it was practically impossible to 
melt a light-weight metal like aluminium, because it broke tbe circuit. 
Heavier metals did not pinch so readily, but all metuls were of course 
subject to the effect. In a piper which he (Mr. Kilhuru .Scott) read 
some time ago on the Hering furnace, certain critics said they thought, 
tiiat the action takiug place in the resister tubes would soon destroy 
the lining. In the April issue of Metaliuryi< «/ aiul Chrmieul A’/iyi- 
ueerinff, Mr. Hering stated that, as the result, of about six months' 
work, there had been very little wear on the resister tubes ; in fuel, in 
one case, instead of there being wear, it was the other way, and the 
tubes had actually become a little swollen. In any case, whether the 
tubes became larger or smaller, it was a very simple matter to vary 
the current. Another question which had beeu asked was as to the 
effect of leaving tire motel iu over night and allowing it to freeze. 
Would the metul in the tubes break and cause discontinuity ( Expe¬ 
rience showed that the metal did not break across, and so that objec¬ 
tion hud also been met. The arc furnace was certainly better than 
the induction furnace, but the curiam electrode* were troublesome. 
Everything had to be stopped to renew them, and the electrodes had 
a bad habit of hruukiug off iu lumps. The supply of graphite elec¬ 
trodes was controlled by one firm, and consequently they were very- 
expensive. In the liering furnace the electrodes were of metal, 
generally copper; they were fixed to the furnace, and there was prac¬ 
tically no wear on them. The author had mentioned the price of 
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power ut 007d. per kilowatt-hour; but ho (Mr. Kilburn Scott) would 
point out that in Norway the price was about 20s. per kilowutt- 
vear, which represented about 0‘027d. per kilowatt-hour. That was 
the point which the suppliers of electricity had to conic down to. 
For his i«urt, he could not see how it was going to be accomplished 
with fuel power stations as at present designed. Something perhaps 
might be achieved by the adoption of the large-sized .-'team turbine, 
such as the 25,000 kilowatt set manufactured by the Parsons Com¬ 
pany, if used in conjunction with efficient gas fired boilers, such as 
that, of Professor Bone. It might be possible to bring the price 
of current down to 0’03d. per kilowatt-hour by allowing for the 
recovery of the sulphate of nmmouia and other by-products. The 
Bone boiler bad an efficiency of 90 per ceut., whereas ordinary gas- 
fired boilers seldom gave over 50 per cent.: further, the new boiler 
took up only a fraction of the spaee. It might be said, why not 
employ large internal combustion engines? But so long ns such 
engine* were of the reciprocating type the output would he limited. 
11 was not possible to conceive of a gas-engine set giving 25,000 kilo- 
wutL'. A gas turbine might do no, but u gas turbine was not yet 
available. From the metallurgical point of view, the price charged 
for electrical energy in Great Britain was far too high. The only 
way to reduce it was to encourage the large power supply companies 
in every possible way. Municipal plants as at present managed 
would never succeed, as they were handicapped by limitations in 
urea of supply and in being managed by committees of amateurs. 

Mr. C. C. Gow (London) said that Dr. Nat.husius’s paper came at a 
moment when electric furnaces might be said to hove ut last attained 
a sound footing in Great Britain. Dr. Nathusius had brought before 
the Institute a furnace which resembled in many ways other furnaces 
of the combined are ami resistance type, but which differed from them 
only in the unique and ingenious method of utilising a three-phase 
system, enabling the bottom electrodes to work to some extent 
independently of the top electrodes. To satisfy those requirements 
Dr. Nathusius had found it necessary to introduce complications to 
the simple three-phase arc furnoce. The only important advantage 
claimed was the actual generation of heat in the bath itself by the 
passage of a heavy and variable electric current That, it was stated 
was of first imjioitance while the alloying metals were l>eing added! 
As a rule that period lasted about 10 minutes. The heat produced 
by the bottom electrodes might be regulated from zero to anv desired 
maximum, ami to imitate the induction furnace during the period of 
alloying it would be necessary, in a 5-ton Nathusius furnace to puss 
fully 300 kilowatts through the bottom electrodes : the tension of the 
bottom would only be 10 or 20 volta, so thnt the cables uml trans¬ 
formers would have to be constructed to carry current which would 
be enormous for a furnace of such a size. Dr. Nathusius did not sav 
what maximum jxiwer he intended to put through the bottom hut 
unless it was at least several times greater than that expended ut the 
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surface, the advantage claimed was not fully justified. On referring 
to I* igs. 5 ami 8, it would be seen that the alloying was actually 
effected when ouly 40 and 00 kilowatts were being consumed by 
the bottom as against 350 and 220 by the top electrodes. He could 
not see that the generation of heat in the bath and in the bottom, 
equivalent to an average of only 50 kilowatts, was going to be of 
any material advantage, aud certainly would not fulfil the conditions 
aimed at or justify the complicated additions to the simple arc furnace 
and its electrical equipment. With covered electrodes, a great point 
was made of generating the heat in the dolomite itself. That was 
a disadvantage, as the dolomite was likely to alter by further burning, 
as the author suggested, after ramming, and that would undoubtedly 
cause contraction, nnd probably dostroy the solidity of the liottom. 
Again, generating heat in the dolomite bottom itself in a regiou which 
was close to the shell was likely to increase conduction and radiation 
losses very considerably. I>r. Xathusius condemned having to air- 
cool the transformer of an induction furnace. Surely water-coaling 
mild steel electrodes to prevent their melting would he a much 
greater source of beat loss ? 

Mr. A. QrXIKBK, Vice-President, also contributed to the discussion, 
but subsequently sent in his remarks amplified, as u contribution to 
the correspondence on the paper (see p. 93). 

Mr. Waltek Dixon (Glasgow) said that the thnnks of the Institute 
were due to the author for bringing before them details of his 
development in electric furnaces. The time hud gone by when the 
electric furnace was looked upon as a “ fad." It had undoubtedly 
come to stay, but, notwithstanding the various statements and sug¬ 
gestions made as to the methods of working and to cheap power, he 
did not think tho question as to whether it would replace the blast¬ 
furnace or the open-hearth furnace needed to be discussed at the 
moment. The electric furnace did not yet, and was not likely for a 
long time to, enter into competition with those, except under conditions 
which did not, and were not likely, readily to obtain in Great llritaiu. 

The pur|K»se for which the electric furnace had up to now estab¬ 
lished itself, not only as a practical, but as a commercial factor, 
was as a refiner, and for dealing with the higher qualities of steel. 
Further uses in those directions would be, aud were being, found. 

The paper and the discussion gave evidence of the contention between 
those favouring the various types of furnaces, and lie (Mr. Dixon) 
was satisfied that good work could lie done, and was 1 icing done, by 
tho induction furnace, a type which was obviously not favoured by 
the author of the paper, whose good word lay in the direction of the 
arc furnace. He took it tlint the principal point which the author 
claimed in the consideration of liis furnace was that he was able 
readily to use three-phase alternating current by increasing the number 
of arcs on the top of the furnace to three, and that three electrodes, 
or multiples of three, were fixed in the bottom of the furnace, for 
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which certain advantageous claims hint been made. Whatever view 
tiie practical steel-maker took of tlie upjier electrodes, he (Mr. Dixon) 
was quite satisfied that the increasing of the liottom electrodes would 
luirdly be looked upon favourably. Hitherto, u less number than three 
had been viewed with suspicion, and, in considering the three or 
“ multiples of three,” he was reminded of the story of the uon-mtudcal 
gentleman, who. being asked by a friend whether he considered any 
sound worse than that of a flute, replied, “ Yes 1 the sound of two 
flute's!" 

lo his mind, it might be accepted as a fact that the ultimate 
furnace would lie the simplest furnace, and unless the author could 
show that he obtained results giving advantages in regard to economy 
of operation or quality of material produced which could not be 
obtained in other and simpler types, ho doubu-d whether tliat furnace 
would be looked u|s>n with favour. 

The President, in concluding the discussion, agreed that the electric 
furnace had come to stay, hut it was certainly doubtful whether it 
would compete with the open-hearth steel furnace for ordinary pur 
p<«es. For special qualities of steel, there was no doubt it was the 
furnace of the future. In the extension of the field which would be 
occupied by the electric furnace, a great deal turned upon the cheap 
kilowatt-hour, and that was a problem which should be attacked by 
those interested in tbo electric furnace. They would all agree tlutt the 
Institute was much indebted to the nuthor'of the puper. who would 
reply in writing to the points raised in the discussion. H,. proposed 
that a hearty vote of thanks should bo accorded to Dr. Nuthusius. 


CORRKSPOXLEXCE 

Mr. E. Adamson (Sheffield) wrote that In. Nuthusius placed 
great stress upon the advantage of his bottom contact arrangement, 
which would, however, take n great deal of l\eat away from the hath! 

hence the efficiency of the bottom contacts was very low_so low that 

the single advantage obtained, the higher electric resistance in the 
circuits through the electrode, did not justify their use. The advan¬ 
tage o f high resistance was that a short circuit between electiode and 
bath (or a cold steel lump) did not cause such a high current, hut that, 
advantage was only to a very small degree obtained in Dr. Nuthusius’ 
furnace when he used covered contacts, and there was no advantage 
at all with exposed contacts. The conditions necessary to avoid lug 
fluctuations of current were better established in the Soderberg three- 
phase electric furnace, and for Dr. Nuthusius’ furnace there would he 
required nearly twice as much copper in his cables to connect his 
furnace to the transformer or generator as would be used in such a 
furnace as the Soderberg furnace of the same capacity. 

With regard to the mechanical arrangements. Dr. Nuthusius stated 
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that “ the breaking np of the electrodes is thus considerably reduced, 
ns this generally bikes place when the furnace is ln-ing tipped." In 
that statement he was entirely wrong, or if what he stated hud 
occurred, it must hnve been in a very badly designed furnace. 
Electrodes should not break during the tipping of the furnace, more 
especially so if they were properly supported during the tilting by the 
holder and water-mantle, when there was not the slightest strain on 
thum. The actual cause of the breaking of electrodes was generally 
the sudden changes of temperature during the heating np or coaling 
down, especially if an electrode were lifted out from the furnace, as 
must be done with the Xathusius furnace three or four times during 
every charge. It was, of course, a great drawback being unable to 
tilt ii furnace with the electrodes in position, for, in the first instance, 
to lift them right up took a considerable time, and the heat radiation 
from the three white-hot electrodes hanging free above the furnace 
would be very inconvenient, not, to mention the beat loss entailed. 
By keeping the eleetrodes in the furnace, sufficiently clear of the 
charge, the slag was kept so flnid that it would run clean out of the 
furnace. During the working of the furnace, therefore, all the con¬ 
ditions were in favour of the furnace being tilted with the electrodes 
in position. Dr. Nathnsius was right, however, when it came to 
repairs or re-bricking of the furnnce, where a free furnace was of 
great advantage over that, with the electrode holders, and lifting 
motm-s attached. I n the Soderberg furnace all those points had been 
considered, and whilst the furnace could lie tilted with the electrodes 
in position, the whole of the mechanical piarts holding those electrodes 
were built on a trolley, and could be disconnected from the furnace 
and pushed hack, so that the roof could easily be changed nnd other 
repairs made. The arrangement could he seen on the sketch on 
p. 94, and it was both simple and cheap, whilst all the other 
advantages claimed hy I)r. Nathnsius with regard to three phase 
furnaces were embodied in the Soderberg furnace, in addition to 
which the Soderberg furnace avoided any complications with additional 
transformers for the bottom connections and additional measuring 
instruments. 

Mr. A. (Jbkiskr. Vice-President, contributed the following note 
drawn np hy Mr. Nomina, who was specially appointed at the works 
of Messrs, t’ockerill over the electric steel department ami the 
phvsical tests laboratory, in which the hitter stated at his (Mr. 
Drainer's) suggestion the news he held, and in which Mr. lireiner 
concurred, as to the application of the Nathnsius furnace. The note 
was as follows;— 

| Vr. Nathnsius’ remarks respecting the employment of two types of 
electric furnaces, induction furnaces and arc furnaces, were perfectly 
correct and well founded. All evidence pointed to the arc furnace 
being the onlv one to posses* the simplicity of construction which 
rendered it readily manageable and suited to fultil its metallurgical 
purpose, ft was also the only furnace which permitted of the 
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coin plate refining of n material charged with impurities, the induction 
furnace being, at must, only able to eliminate oxidisable substance*, 
thanks to the relatively high fusibility of oxidising slags. The 
removal of sulphur was practically impossible in an induction furnace, 
no matter of what system, seeing that the chemical reaction involved 
necessitated the presence of a slag containing aliout 60 per cent of 
lime and therefore exceedingly refractory. 

The metallurgist required, first and foremost, an up|iarntus which 
should l>e simple in construction, easy to repair and to maintain, and 
equally easy to regulate in regard to’ the supply of heat Above all, 
it should necessitate the minimum cure, precaution, and maintenance! 
All metallurgical operations were apt. to be sudden and to involve 
mishaps. They might be at the mercy of a short circuit, of injudicious 
handling, of ebullitions of steel, or of a sudden break-out of snper 



oxidised slag. It was necessary, therefore, to have a strong and 
simple mechanism, but it was also necessary that the machinery 
should be readily sulmnlinated to the metallurgical operations that 
its regulation should automatically follow the phases of the latter, and 
that, in a word, the metallurgical operation itself should lie the first 
care of the furnace stafT. Now, as regupls the Nathusius furnace, if in 
that new combined system a simple and well conceived furnace wa- 
met with, the installation and electrical equipment conveyed the 
notion of an instrument of precision. Too many complications would 
certainly constitute a difficulty in u euse where simplicity was the first 
consideration, and it seemed to him that the metallurgist would 
hardly view with favour an installation intended for production in 
which so accurate and delicate a system of regulating had of necessity 
to control the whole operation and also each separate phase 

Mr. tSreiner was thoroughly convinced that the theoretical con¬ 
siderations from which the author start cl were exceedingly ingenious 
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und that practice fully confirmed the theoretical eoticlnsans he had 
drawn. For instance, the results given by the author with reference 
to the time and the consumption of electric current in making soft 
steel, as shown in the table, containing as little as O'OOl per cent 
of sulphur and so low manganese, were extremely interesting, and 
had not. so far, Iteen obtained j n so short a time at, Cocket ill’s. 
The system of heating through the hearth simultaneously with 
surface heating, at the same time maintaining nn independent 
regulation capable of varying thu intensity from zero to the predeter¬ 
mined maximum, was certainly it discovery which was, both from n 
metallurgical aud electrical point of view, highly interesting as regards 
its originality. 

The Nathusius furmiee, such as had been described, would noces- 
sarily work very satisfactorily and give excellent results, both from 
the metallurgical point of view and from that of the consumption of 
electrical euergy. But it was a far cry from that to claim it as 
mctallurgicnlly ideal. He was of opinion that a furnace such as the 
• iirod installed at the Coekerill works, where the whole of tin* 
operations could be carried out without preoccupation as regards the 
regulation of the current, and where the apparatus was sufficiently 
strong to resist mishaps and short circuits resulting from -craping 
off the slag and from the introduction of the additions, was equally 
practical in its simplicity. The uuthor hud removed from the 
furnace all the electrical complications which constituted, in his 
opinion, the disadvantage of induction furnaces, but lie had re- 
accumulated them at the side of the furnace, and his installation 
require! constant regulation and most constant, supervision. That 
criticism made, it might he admitted that not only was the conception 
of the furnace interesting, but the practical and economical results 
of the principles upon which the author's contentions were fonndid 
were fully verified. The results which he .->howcd in Tahle |. were 
remarkable. To make homogeneous iron containing 0004 per cent, 
of phosphorus ami 0*01 jier cent, of sulphur in 2 to 21 hours, starting 
from liquid basic pig, was quite a remarkable achievement It was 
impossible to do other than refer to the data given, as no information 
was supplied as to the composition of the charge or as to how the 
steels behaved in the mills. From a point of view of purification, 
the results given were highly interesting, and it might be granted 
that the dimensions of the apparatus, the distribution of the current, 
nnd the construction of the furnace had been very carefully studies). 
On the other hand, in the cost price in Table III. the author 
appeared to have worked under rather favourable circumstances, 
numbly in regard to the consumption of 5-7 kilogrammes of electrodes 
distributed over 3 electrodes, and ulso in regard to 100 heats having 
been made during the life of the roof. But even with those figure* 
the rompari*on of the cost with that obtained nt CockeriU’s, 
where work was only carried out during the day. was of interest. 
Calculation* were baaed on the same price as that indicated by the 
author for the electrodes, the current, aud the cost of installation 
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(se«- accompanying table). It will be seen that the coat as calculated 
by Hr. Nathusitts was not absolutely complete, as it did not include 
the extraneous expenses of the furnace properly so called and in¬ 
herent to its working. Those expenses ought to be added to the cost 
of manufacture. 


Coxt of Manufacture at Cockerin’ a per Ton of Electric Steel. 

(These figures arc derived from a practice extending over 3 years 2 months.) 


Descrip! ion. 

Cost at 
CockeriU's. 

Cost calcu¬ 
lated on a 
Daible Shift. 

Cost at 

Frierienshlltte. : 

Additions Isimilar to those indicated) 
Dcoxidents ,. ., 

Refractory material .... 
Electrodes. 6 kilogrammes at £14, UK 
.. 4 .. at £14. 1(K 

Electro-holders nml cables. 

Wages .... 

Current. 375 kilowatt-hours 
„ 275 

Depreciation, 15 per cent, nn £f*On . 

Shillings. 

1-34 

1-93 

184 

1-74 

0-G0 

2 40 

11-25 

34X1 

Shillings. 

11W 

1- 44 

in# 

Of 10 

2- 40 

8-20 

1-li# 

Shillings. 

17H 

1-ttt 

1-33 

inn 

0-00 

1-80 

7*> 

170 

1 .about m the reparation of the refrac-) 
tory lining, mechanical reparation ( 
of the furnace, and electric repairs . 
and maintenance ..." 
t int of tapping Hadlee, moulds, Ac .) 
Keating of the ladles .... 
Skulls and ingot ends. 4 tier cent, of ( 
the charge . . . . | 

lax* of metal. 3 |ier cent, of the charge 

24 10 

1 -fin 

240 

048 

148 

11*2 

1378 

o-sr. 

2-40 

0 48 

1 48 

192 

1794 


3198 

25-31 



With regard to the other applications of the Nnthustus furnace it 
was unnecessary to refer to the question of tho fusion of oxidising slags 
which, although it might be of use, was at the present time rather 
theoretical than practical. It was otherwise in regard to its utilisa¬ 
tion for the fusion of ferro-inangnuese, as that question was in every 
sense one of up-to-date importance. All evidence showed that the 
electric furnace, utilising a source of heat which, if not reducing was 
in any case neutral, allowed, if certain special precautions were token 
of the melting of ferro-manganese, which was highly oxidiaable out 
of contact with air and consequently without appreciable losses. Mr 
Greiner spoke of the olectrio furnace in general, for all those systems 
could lw employed, and ho would be tempted to add that, for that 
purpose, induction furnaces, such as the Roehliug- Rodenhatuer were 
to he recommended, the utilisation of the current being better and if. 
being possible to enclose them more thoroughly. 
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In any rw, the melting of ferro-mnngnnese for use in leisic steel 
works was carried out at the Rambochcr works by employing the Keller 
furnace, at the UiitchofTnungshiitte by using the Gind furnace, at 
1* riedenshiitte by using the Xnthusiiis furnace, nod finally, at Kiichling's 
by using the Rochliiig-Rodonlumser furnace. It was obvious that 
the use of li<|ui<l Ierm-manganese as an addition possessed important 
advantages, possibly of nn economic, but iu any case of u technical 
nature. It whs necessary, however, to guard against coming too 
quickly ton conclusion in regard to the considerable eoroomy resulting 
from the diminution of the tonnage of ferro-matigancse required by a 
steelworks. But even without that saving the improvement, from n 
metallurgical point of view, which would result from that application, 
wjis distinctly appreciable. The reaction of manganese on the oxides 
present took place slowly when the manganese was in a -olid state, 
and it could be proved tluit it continued in the ladle down to the last 
ingot; its action was therefore far from regular. Further, in order 
that it should Ik? complete under the conditions of current, practice, 
it wils necessary tluit there should he an excess of the reagent, and it 
was just tluit unnecessarily large excess which was economised, ns the 
theoretical quantity required to produce the reaction remained the 
same. The products of that reaction between two liquids Is'camc 
eliminated much more easily, and it was possible to avoid, to a great 
extent, the microscopic inclusions, the presence of which was so un¬ 
desirable iu the steels. All those considerations showed that it was 
exceedingly desirable in lmsic steel works to reduce the oxides in an 
over-blown Instil by means of liquid ferro-umuganese |«ntred into the 
bolle at. the same time as the steel. I»r. Nathusius gave the cost 
price of the fusion of tluit alloy at. tin- Fiii-densbUtte, nnd the saving 
which could be effected per uuuum in tlir case of n saving of HO per 
cent., on a total of H300 tons of ferro-mangaiiese used per annum. 
It might he said, once and for all, that that 3HOO tons uoi res|ionded 
to the production of at least 400,000 tons of mild steel per annum, 
and the author had iu tluit instance selected conditions which were 
highly favourable ns regards the cost price. As a matter of fact, 
the production ou tluit scale—that was to say, 1400 tuns, more ur 
less, per 24 hours —necessitated the fusion of about 7§ tons of ferro¬ 
manganese per dieui, which wns the maximum production for a 
300-kilowatt furnace, ami in those conditions the figure representing 
t.he consumption of energy could be put at about 800 kilowatt-hours 
per ton. But if the production of, for example, 300,000 tons were 
taken—tlmt. was to say, 1000 tuns of steel per day with tons of 
feiTo-iminganese to be" melted per 24 hours—the same 300-kiluwutt 
furnace would hi* necessary and the consumption of current, either 
for melting the alloy or for maintaining it hot, would average from 
230 to 250 kilowatts at least — that was to any, 5700 kilowatt-hours 
per day, or 1033 kilowatt-hours |»er ton of ferro-mangunese In one 
word, while believing that the figure for the cost price of the fusion of 
the ferro-tnnngunese quoted not only by lb*. Nathusius, hut by other 
authors, required to be closely examined, nnd was prolsildv too low, 

1912.—L u 
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it was incontestable t hat the difference between tin* value of the ferro¬ 
manganese saved, and the cost of the fusion of the carburisor required 
for the liquid addition, was a real and economic one. 

It should, however, be taken into account that each ton of ferro¬ 
manganese less in the ladle corresponded in effect to a ton less of steel 
in the ingot moulds — that is to say, a loss of, let it be assumed, 85 
francs for the net cost of the basic steel, which had further to he 
increased by 15 francs to make tip for the loss of profit on that ton 
of ingot metal which might luive been turned into commercial pro 
ducts. In the case of a 30 per cent, saving in weight (such as was 
obtained in practice), each ton of ferro-manganese saved represented 
therefore a saving corresponding to its price per ton, less— 

(1) The difference Itetween the cost of melting 2‘33 tons (seven- 
thirds) of ferro-manganese and the cost of heating 3‘33 tons (ten-thirds) 
of that alloy. 

(2) The sum of £4, representing a ton of steel lost. If, therefore, 
a cost price of £1 were allowed for the melting of a ton of ferro¬ 
manganese, and a cost of £H for the value of a ton of that alloy, 
then, taking into account that the heating of a ton of solid ferro¬ 
manganese cost -I shillings (the figure taken by l>r. Nnthusius), 
each ton of ferro-manganoso saved would represent— 

& -[(S 3»x£l S :«x4».) + £4]-r £2. ftv <*1. 

It might once again be pointed out that it was probable that 
in practice the cost of £1 per ton was considerably increased, 
particularly in the case of a steelworks in which only a portion of the 
production wns mild steel, and that, if the difference between the 
price of ferro-manganese and that of a ton of steel—that was to 
say, £4—diminished, it, would at once lie Been that the saving 
realised in the weight of the additions were speedily equalised, and 
even surpassed, by the cost of fusion. But it might he repeated that 
even in tluit case the theoretical advantages were incontestable, and 
that only an electric furnace of the Nnthtisius or some other system 
would allow of that method of working lasing applied in steelworks. 

I>r. H. NATHlisirs wrote, in reply to Mr. A. Windsor Kielmrds, 
tluit the process he luul suggested of tninsfening the dag and metal 
in opposite diivetions through several furnaces was intended to Is- 
cai rit-d out on lines similar to those now followed in several large steel¬ 
works, where the metal was passed through n heated mixer (the first 
furnace), un open-hearth or Talbot furnace (the second furnace), and 
one or more electric furnaces (the third furnace). No special electric 
furnace was required for the fusion of the oxides; they were melted 
in the same electric furnace in which the steel was finished. The only 
factor causing increased cast of working as compared with the ordi¬ 
nary method of working was the regular transport of the slag from 
one furnace,to another. But that increased cost was more than com¬ 
pensated for by the gain in rich slag and by the larger yield of metal. 
Moreover, tin- end-product was nut Bertrand-Thiel steel or iioesch 


CORRESPOXDEXCE OX XATlIUSlUs’ PAPER. 


99 


stcd, but electric hW|, seeing that it underwent final treatment in 
the electric furnnoe. 

A simpler modification of the process was of course tl<at in which 
the ores were incited down in a special electric furnace instead of 
throwing them on to the bath of molten steel. The ore liecnme over¬ 
heated, ami was then charged into the liquid bath in the opeu-heartli 
or Talbot furnace If severnl such furnaces were available, a larger 
quantity of liquid oxides could be belt! stored in tjie electric furnace. 
Tile furnace might serve also as slug mixer, ami could, if required, be 
used for melting down special mixtures of slug which could not be 
treated in a gas-fired furnace, where the temperature was too low and 
the oxidising atmosphere so injurious. It was not to he assumed that, 
it. was more costly to melt the oxides in the electric furnace than in 
the open hearth, taking into consideration in the hitter case the 
greater length of time and loss uf eliarge tine to the slower melting 
down ami the prolonged action of the molten sing upon the metal. 
With that arrangement the end-product, us Mr. Iticlmrds rightly re¬ 
marked, was not electric steel. But it might nevertheless be taken 
for granted that on account of t he energetic progress of the reaction 
due to overheated and liquid slag, its quality must, lie superior to that 
of ordinurv open-hearth steel. 

In reply to Mr. Ihltotson. the author had never contended that in 
using pure charges, us, in Sweden, the natural conditions permitted, 
good high quality steel could not l>e produced in the induc tion furnace. 
But it was within the author’s knowledge that at cast steel works in the 
I thine Province, Upper Silesia, ami in Austria, the induction furnace 
had been abandoned in favour of the arc furnace, which could only be 
due to practical and scientific reasons. Why high quality tool steel of 
1'3 per cent, carbon could not he produced in the arc furnace was 
incomprehensible to him. 

In reference to Mr. San iter’s remarks, covered bottom-electrodec 
were used both in the 5-ton and in the 2-t.on Nnthnsius furnace at 
Friedenshiitte, nnd that caused no difficulty in melting down solid 
charges. Latterly, at Friedenshiitte solid cliarges of scrap mild steel 
had been continuously worked for weeks, and no difficulty whatever 
hod been experienced w ith the covered bottom-eli>ctrodes and repairs. 
Bare electrodes had only been used for experimental purposes or to 
demonstrate to those interested how they worked. Some stiad-worker* 
were of opinion that bare electrodes were more advantageous in melt¬ 
ing down scrap, but the author did not share that view, although both 
covered and bare bottom-electrodi* could be lined in the Nath nidus 
furnace. It was true, us pointed out by Mr. Sanitor, that the dolomite 
consumption of 52 - 5 kilogrammes per ton of steel in Table III., showing 
prime costs, was somewhat high. This figure was a monthly average, 
anil included the entire remaking of the hearth, which it bnd un¬ 
fortunately been omitted to stutu in tin? table. The normal consump¬ 
tion of dolomite per ton of steel with solid charges was 5 to 8 
kilogrammes, and that it was higher for solid than for liquid charges was 
due to two causes. First, with solid charges the length of the heat was 
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about three time* as long ns with liquid charging. Secondly, the side 
walls, which consisted of dolomite in the Nathusius furnace, were 
moi-e apt to be destroyed in recharging rough scrap, anil small por¬ 
tions of the walls were torn down by the large lumps ns they sank 
down in molting. 

According to Mr. E. K. Scott.carbon electrodes might be dispensed 
with altogether, but that was opposed to the result of all practical 
experience which had been gained during several years with about 
HKJ arc furnaces. The Hering furnace was only known to the author 
through jiatent specifications, and, so far as he was aware, no such 
furnace was working on a commercial scale. The heating of furnaces 
by resistance alone, the author considered impossible on account of 
the low resistance of the bath. So far us the author had been able 
to gather from the patent specification of the Hering furnace, arcs 
played between the surface of the metul in one division and the surface 
of the uietal in another division at a higher or lower level. The 
dividing walls, it would appear, were more likely to absorb the bent 
than the slag, and whether such walls could resist at nil the threefold 
chemical, thermal, nnd mechanical attack, was very open to doubt The 
cost of electric currant at 0'027d. per kilowatt hour, mentioned by Mr. 
Scott surely existed only on paper. In Sweden and Norway prices for 
the kilowatt year only were ever spoken of. 1 u the author's opinion it 
was impracticable to calcnlatc those out for a kilowatt hour, for there 
was no industry which absorbed the full load uniformly the whole 
year round. In holiday time, or when breakdowns occurred, or, in 
fact, whenever the works were not running to their full capacity and 
sink events were quite inevitable—the theoretically calculated price 
would be immetliately raised considerably, and that should not bo 
overlooked. 

In reply to Mr. (low, it was not to be understood that the stage of 
deoxidisation and alloying in the Nathusius furnace, during which 
time increased heat was supplied to the bottom, lasted only ten 
minutes os in the opeu-hearth process. On the contrary, the electric 
refining shonld proceed somewhat like the crucible process, and the 
settling period could be extended to an hour, or longer. According to 
the latest improvements in the electric equipment of Natliusius fur¬ 
naces, up to b0 per cent, of the total energy supplied to the furnace could, 
witli the aid of a potential regulator, be led to the Ixittam-electrode 
circuit. The wear and tear of the bottom of a Nathusius furnace was 
no greater than tluit of arc furnaces which worked with surface heat¬ 
ing idone, as hud been practically proved by more than three years’ 
working ex|>erience of the 5-toti furnace at Fricdenshiitte. A well- 
heated bottom naturally acted as a heat insulator to the inside of the 
furnace and thus hindered on escape of heat from the charge to the 
outside. Why a heated bottom should cause an increase in loss of 
heat by radiation or conduction was incomprehensible. The bottom- 
electrodes themselves in the Natliusiim furnace were not cooled, 
except at that point where the conductors w ere connected to them by 
contact rings. 
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The question of the practicability of several electrodes had beeu 
raised by Mr. l*ixon. This was so natural an arrangement, that it 
seemed hardly to need discussion. Even the «•<instructors and 
advocates of single-phase and single-electrode furnaces (such as the 
< iirod and the Keller types), used several electrodes (ns many ns four) 
in furnaces of larger size, which proved that it must hi- more 
advantageous. If a comparison were required, one only need say 
that a large room could be more uniformly heated by several heating 
apparatus properly distributed thau by u single large one. In the 
latter case it would he unbearably hot in the neighbourhood of the 
large apparatus, and one would shiver in the remote corners. That 
comparison might (letter appeal to a metallurgist than the one 
suggested—between an electric furnace and a (lute. 

Notwithstanding the load curves shown, Mr. Adamson denied that 
any advuntagu accrued from bottom heating, hut he brought forward 
uo fact in snpport of his assertion. As the author was not in a posi¬ 
tion to show his furnace at work, he could only refer to the curves 
taken liy the recording wattmeters to convince Mr. Adamson that 
he was in error. As would be seen from the loud curve of the bottom 
electrode circuit on p. 75, about <10 to 70 kilowatts measured at the 
terminals of the bottom-electrode were actually being put into the 
furnace. That energy could not get lost, and could only lie trans¬ 
ferred into heat, and must, therefore, he valuable for heating the 
chnrge. Mr. Adamson surely did not pro|>ose to combat even the 
principle of the conservation of energy. The Huderlierg furnace to 
which he frequently referred was unknown to the author, who was, 
therefore, unable to pass any opinion upon its merits. 

It had been erroneously assumed by Mr. Greiner that the former 
consumption of 330U tons of preheated solid ferro-manganese per 
annum fur the deoxidation of luisic Beoscmer steel at Friedenshutte 
corresponded to a steel production of 400,000 tons of mild steel per 
year. As a matter of fact, only about 240,000 tons of basic Bessemer 
steel were being produced annually at Friedenshutte—that was about 
900 tons per day—and these were the ligures taken as the basis of the 
i-alculatiou. Yet the saving per ton of ingots was as stated. That 
those were actual working results was borne nut by the statement of 
director Boehm of Friedenshutte, who publicly confirmed them at the 
meeting of the Steel W orks Committee of the Verein deulscher 
Eisenhiittenleute * on I December 9, 1911. It should be noted that the 
Friedenshutte Company are the license-holders and are uot in any 
way interested in the sale of the furnace. Mr. Greiner's calculation 
wus also erroneous as to the reduction of saving in ferro-manganese 
by the amount which, when using more ferro-manganese, as in the 
ordinary method, might have been utilised in making commercial 
ingots. It could not be assume*I that the object of deoxidation 
by means of liquid ferro-manganese was that the end-product 
should contain less manganese, or, in other words, that the 


* Stdhi tt hJ Eis*n t March II, 1912, p. 428. 
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subsequent analysis should show less manganese. The only 
object was to obtain tt wore energetic deoxidation and to avoid 
mechanical losses of forro-imiuganese. But the manganese actually 
used for deoxidation passed as manganous oxide into the slag, and 
in any case was lost, as far as the commercial ingot was concerned, 
whether added in the liquid or solid state. But the chief source of 
waste was the mechanical losses of ferro-manganese particles which 
adhered to the slag. Those were found subsequently os solid lumps, 
the size of a fist, in the Iwsic slag, and were either ground up in the 
mills or they broke the screens. They also sometimes dissolved in the 
slag without coming in contact with the metal, and were enveloped 
in a slag layer, ho that they produced no deoxidising action on the 
uietul. That portion of f c rro- in a nga 11 esc was therefore lost, as far as 
the final product, was concerned, nnd was never recovered in the com¬ 
mercial ingot either. The calculation would be correct except for 
those occurrences, or if it were desired to produce material lower in 
manganese. 

Although the extreme simplicity of the Xathusius furnace was 
admitted, Mr. (ireiner criticised the complication of the electric in¬ 
stallation, which was placed in a separate room. That complication 
existed only in theory, but in practice no working arrangement could 
be simpler. Mr. Greiner would certainly concede that if he saw that 
the ferro-maugaucso furnace was actually served by a single unskilled 
man who regulated the electrodes, charged and tapped the furnace, 
and dealt with the slag. 

The adjustment of the electrodes of the 5-ton furnace, whether 
working vi ith liquid or w ith solid charges, wa~ effected just us auto¬ 
matically as in the Heroult or Birod furnace. Mr. Grenier would 
prolwbly he surprised to see that no one was ou duty in the pluce for 
the purpose of regnlating the so-called complicated electric apjioratus. 
No B]>eciu! attention was required for that. The melter simply adjusted 
the apparatus as desired, and it then continued to run by itself. 
Perhaps Mr. Greiner took exception to the different tensions exist¬ 
ing between the electrodes. It might here be repeated that the 
pressure of 110 volts (of alternating current) between the surface 

electrodes and pressure of 63= volts (alternating current) 

between the upper and lower electrodes were governed by the trans¬ 
former pressure. The electric conditions were therefore precisely 
the same as those of a lleroult or Girod furnace. The employ¬ 
ment of three-phase current did not affect the question in any way. 
The pressures, and consequently the amount of current, were changed 
when required by lifting or lowering the carbon electrode*. The 
tension between the bottom-electrodes adjusted itself exactly accord¬ 
ing to the resistance between the liottoni-electrode*. Where a booster 
transformer with a potential regulator was used, it was adjusted in 
exactly the same manner as the regulating devices for the carbon 
electrodes. That also only required to be done once, and could be per¬ 
formed by the -tod melter without difficulty. The electric complications 
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existed, therefore, in theory oulv, and, just as with the regenerative 
go.—fired furnace the melter must rever.se the uir and gas valves, 
according as a higher nr lower temperature w as required, in a Nathusiu* 
furnace the mdter adjusted quite as simply the arc heating, and if a 
potential regulator were required, the bottom heating also. If the 
regulation of the bottom heating appeared too complicated, the booster 
transformer and potential regulator could lie omitted, and the regula¬ 
tion of the curreut was then as simple as with the Uerotdt and 
tlirod furnaces. For the bottom heating it always ndjustisl itself 
autonmtically. As regards durability, it could only be repeated 
that the cover which had last been removed from the furnace at 
Fiicdenshiittc hud w ithstood 168 charges, liquid and solid. The refin¬ 
ing of basic llessemcr steel up to 0'05 carlain, 0‘08 manganese, 0(K)d 
phosphorus, atid 0 00H sulphur could be performed without difficulty 
in the Nathusius furnace. Its advantage was no doubt to be ascribed 
to the more uniform distribution of the current and the resulting more 
uniform heating and better mixing duo to the formation of a rotary 
magnetic field around every stream line. 
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NOTE ON THE WELDING UP OF BLOWHOLES 
AND CAVITIES IN STEEL INGOTS. 

PART II.’ 

Br J. E. STEAD, iJ.Mrr., K.K s. ( Vick-Ph smock r). 

In the previous note, experimental data, obtained by heating 
and forging steel bars in which cavities had been made by 
drilling showed that if the walls of the cavities were clean 
and bright perfect welding was easily obtained. No actual 
trials had at that time been made to determine whether the 
real blowholes in crucible steel ingots could be os perfectly 
welded up. Experiments have therefore been made to deter¬ 
mine this question, and also whether cavities with oxidised 
walls can be welded up. It is to describe these further trials 
that this second note has been written. 


Honeycombed Crucible Steel Ingots. 

Experiments with a honeycombed ingot of 0‘5 per cent, 
carbon crucible steel were made at the works of Messrs. 
J. H. Andrew & Co. Ltd., with the assistance of the manager, 
Mr. J. L. Potts, and his molter, Mr. Duekenfield. 

Two steel ingots from the same mixture were melted in 
such a way that, one was honeycombed and the other sound. 
The sections of these are shown in Figs. 1 and 2. 

The honeycombed steel rose to nearly 10 per cent, of its 
length after teeming, whilst the sound ingot did not rise, but 
contracted down its central axis 

We may assume that about 9 per cent of the volume of 
the honeycombed ingot was occupied by blowhole cavities. 
The ingots were forged to a smaller size after heating to a 
wash welding temperature, estimated at not less than about 
1100° C., sufficient to melt the scale on the surface, and 

> For Part I. ** journal of tkt !rvn and Stu! InitituU r, lull. No. L p. 54. 
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were divided into two parts. Half of each set of bars were 
reheated to 1100° C. for one hour, and were then rolled to 
bars 1 inch in diameter. The remaining halves were heated 
in the usual way without “ soaking,’’ and were also forgod to 
1 inch round bars. All the bars were “ reeled " after forging. 
Portions of each of them were turned down to prisms of 
l inch, f incli, j inch, and j inch, and through each a hole 
was drilled, so as to make a series of cylinders with walls 
iV inch in thickness. A similar hole was drilled through 
portions of the bars which hod not been reduced in diameter 
by turning. The cylinders thus prepared were cut up into 
a series of rings about J inch in depth. 



Fiat—Section of Honeycombed Fiat—Section of Sound 

Crucible Steel Ingot. Crucible Steel Ingot. 


The object of making these rings was to determine the 
degree to which they could be expanded before breaking, and 
to see if at their outer polished surfaces they would open 
out into seams on being slightly strained. The outer parts 
of the rings were brightly polished, and the rings were 
expanded by driving into them a hard taper steel drift. 

The results need not lie given in detail. It is sufficient 
to state that in no single ring after slight expansion was any 
unwelded steel detected, and in every case whon fracture was 
effected the steel on each side of the parting showed evidence 
of contraction or plastic tlow. We may concludo, therefore, 
that the snr/ac<s of the rings were as sound in the steel from 
the bars of the honeycombed as they were in the steel from 
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the sound ingot, and ns there was no difference between the 
bars with and without soaking, we may Ixs certain that soaking 
after wash welding, in this case at loast, was of no advantage, 
because the forging in the first instance produced as perfect 
welding as was possible, and no soaking afterwards could 
improve what was perfectiou. Although the welding up of 
the blowholes was apparently good, there was, however, a 
great difference in the physical properties of the rings from 
the respective ingots. 

The rings from the sound ingot expanded on the average 
about 50 per cent, more before breaking than those from 
the honoyeombed ingot, a peculiarity suggesting ut first sight 
imperfect welding of the blowhole walls. A careful examina¬ 
tion of the fractures revealed the presence of dull lines of 
microscopic fineness in the rings from the honeycombed ingot, 
while nothing of the kind could be detected in the steel from 
the sound ingot. 

Further, on I lending the broken rings from the honey¬ 
combed ingot, it was found that some portions of them could 
be bent to a greater extent without breaking than others, 
whilst there was not, such variation in the steel from the 
sound ingot. In the cases where fracture occurred on slight 
bending these dull lines could almost always be detected on 
the broken surfaces, but none were present in the portions of 
the same rings which could be bent to a much greater degree 
before fracturing. Obviously these dull lines and reduced 
ability of the steel to extend wore co-related. 

As the steel contained only 0'02 and 0*03 per cent, of 
sulphur respectively, it seemed improbable with sueli a small 
amouut of sulphur that there could be any material segregation 
of manganese sulphide in the blowholes. To determine whether 
there was or not, cross-sections of the inch bars from the sound 
and honeycombed steels were cut and polished, and auto-sulphur 
prints wero obtained on bromide paper (Fig. 3). The results 
showed that the sulphur was distributed evenly in the bar from 
the sound ingot, but was segregated in the places where there 
had been honeycombs in the unsound ingot. Sulphur prints 
taken from a cut section of the honeycombed ingot, itself ulso 
proved that the cavities contained sulphides. We may, l 
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think, ho satisfied in concluding that the dull linos are 
co-related in some way with the sulphide segregation. Finally, 
sulphur prints of the fractures proved that the dull lines 
were rich in sulphides. 

That clean faces of cavities in erucihlc steel can be per¬ 
fectly welded together under treatment identical to that to 



Fig. S.—Auto-sulphur Ur inti. 

which the honeycombed ingot was subjected has been fully 
proved ; we are therefore satisfied that the inferior ductility 
in cross-sections of the bars made from the houeycombed 
ingot was due to tho presence of sulphide of manganese 
threads which prevented the metallic faces from mmplttrly 
coming into contact. 

Blowholes with Oxiulseu Walls. 

During the latter part of tho year 1911 a series of trials 
w'as made, with the assistance of Mr. Parkin, to deiormino 
whether or not artificially formed cavitios with oxidised walls 
could be welded up. It was taken for granted that if no 
carbon were present in the steel, oxidised blowholes could not 
he perfectlv welded. In tho first experiment with a 2-inch 
square steel bar about 8 inches in length containing 1*2 per 
cent, carl ion, u small hole was drilled nearly to the bottom, along 
the central axis. The bar was then heated to redness and 
oxygen gas was blown down the hole, so as to oxidise the walls 
of the cavity. After heating to about 900° C. it was ham- 
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moral, so us to bring the sides of the cavity into juxtaposition. 
The bar was then heated to aud maintained at a temperature 
of about 1100" C. for one hour, and was at once forced down 
to a smaller size. When cold it was nicked at intervals and 
broken at the nicks, and the fractures examined. They indi¬ 
cated imperfect welding near to what was originally the open 
end of the bar, but below this for two-thirds of the length the 
welding appeared to be perfect. 

On microscopic examination of the polished cross-sect ions 
of the parts where welding appeared to be good it was found 
that the seam, originally consisting of oxide of iron, had been 
practically reduced to the metallic state, with the exception of 
minute globular dust-like inclusions, probably of iron or man¬ 
ganese silicate -the residue of the oxidised steel which was 
incapable of being reduced by the carbon. But for thcso 
excessively minute inclusions the welding was porfect. On 
bending a jwlished aud etched section to open the joint, the 
metal at this point being lower in carbon than the surround¬ 
ing mass, extended aud then broke, showing a perfectly 
crystalline fracture, a proof that good welding had been 
effected. 

In a second experiment with the same steel a bar was pre¬ 
pared as above descril>ed, with the exception that after the 
cavity was oxidised and closed the bar was heated to 950° C. 
for three hours. It was then cut in half; one-half was retained 
for examination, the other was reheated at 1100° C. for one 
hour, and without forging, it was allowed to cool. It was 
again cut into two portions, one of which was heated to 
1100 1 C., and then forged down to a smaller size. The other 
part was reserved for examination. Each of the three speci¬ 
mens was sectioned, polished, and examined microscopically 
without etching. 

Figs. 4 and 5,representing magnifications of 330 diameters, 
show that by heating at 1)50° C. the carl*on of the steel 
reduced the iron Beale to metallic iron, which remained in 
separate grains, surrounded either by some slight amount of 
unreduced oxide, or gaseous spaces, or by both. 

On attempting to bend the specimens, the grains at once 
separated; there was no cohesion, thoy had not completely 
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crystallised together—ft result not surprising, for the volume 
of metallic iron is less than that of its oxide. 

Fig. 6 represents the same bar as the last after heating to 
1100° C. for one hour. The drawing shows that the greater 
mass of the reduced iron grains had crystallised together and 
pressed to one side tho intervening gases, and oomjielled them 
to segregate into relatively large bubbles at a considerable 
distance from each other. Tho microstructure of tho joint in 
the third portion, which had been reheated to and forged 
from 1100° C„ was identical with that in the bar of the first 
experiment, which had been heated to 1100° C. for one hour 
and then forged to a smaller size, and is represented in Fig. 7. 



Fin. I.—Section 
through dosed- 
up oxidised 
cairity. Black 
l»rt re proem? 
cinder; white 
part, metal. 



Pic. 6.—Same 
as Fig. I after 
heating fas' 
3 hour? at 
960'C. Dark 
parts are ac¬ 
tual apt CCS 
anti unre¬ 
duced slag 
inclusions. 



Fla. a —Same as 
Fig. 5 after heat¬ 
ing for 1 hour at 
UOtV C. Dark 
parts are actual 
spaces and un¬ 
reduced slag in¬ 
clusions. 



Fit'.. 7.— Same as 
Fig. 0 after heal¬ 
ing to UO"* 
nnd forging 
down to i mailer 
sire. Dark parts 
are slag inclu¬ 
sions. 


The welding was perfect, with tho exception of tho minute 
globular inclusions previously referred to. 

In a third experiment the steel bar was treated exactly as 
in the first, but the bar itself contained only 0-50 per cent, 
carbon. Tho welding was found to be complete, hut tho joint 
previously occupied by tho scale now consisted of c&rlxmleu 
forrite, anil the adjacent steel contained loss carbon than tho 
moss of the steel itself These results show, as was antici¬ 
pated, that if the walls of the cavities are not too thickly 
scaled and a sufficient quantity of carbon is in tho steel, the 
scale itself can bo reduced practically entirely to the metallic 
state, and this can be welded up to the sides of what was 
originally the cavity. 
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It is generally assumed that blowholes, which terminate on 
one side through the outer skin of tho envelope of steel ingots, 
having access to oxidising gases, do get so severely oxidised 
on their walls that no welding of the cell walls occurs, and 
that in rolling out they are simply extended and appear at 
the surface of tho rolled sections as rokes, which penetrate to 
the full depth of the extended blowholes. 

The presence of the microscopic dark inclusions observed 
in the welded joints (Fig. 7) led to the examination of many 
sections of steel which had evidently been rolled from honey¬ 
combed ingots. It was believed that if any of the oxide initially 
filling the blowholes had been reduced to the metallic state 
and weldod to the surrounding steel, similar inclusions would 
l*e discovered. The results of these examinations proved 
l>eyond doubt that in a very large number of eases in steel con¬ 
taining between 0-25 per cent. ;uid 0 5 per cent, carbon, these 
microscopic inclusions were present, and were located in tho 
surrounding layer of ferrite immediately below the lower part 
of the surface rokes. It is only necessary to describe a single 
instance. This was a railway axle, on tho surface of which 
there was ample evidence of pre-existing cutaneous blowholes 
in the ingot, for at intervals there were longitudinal lines or 
fine grooves an inch or more in length. A cross-section 
vertical to the surface, after polishing, was sufficient to reveal 
tho position and depth of these rokes. The depth varied 
from one-hundredth to one-fifth of an inch. The outer enve¬ 
lope was completely decarbnrised, as is usual in low and 
medium carbon steels which have been reheated in an oxidising 
atmosphere previous to forging or rolling. 

There was a complete absence of the minute inclusions in 
this envelope: the stool coutoinod no carbon, hut the ferrite 
immediately in contact with the scale, and for a little distance 
beyond, contained minute globular inclusions, whilst at a 
greater distance the crystals of iron contained none. 

The crystals of one zone penetrated into the other and were 
common to each—in other words, one part of the crystals at 
the border-line contained inclusions, whilst the other contained 
none. 

The following diagraramutie sketch (Fig. 8) explains better 
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than words the appearance under the microscope. 1 ho photo¬ 
graph (Fig. 9), taken at the point corresponding to A in the 
sketch, clearly shows the globular inclusions. 

There can bo little doubt that the ferrite containing the 
inclusions surrounding the remaining unreduced oxide was at 
one time oxide or scale in a blowhole, that this was reduced 
practically entirely to the motullic state by the carbon in the 
adjacent steel, and that the purtieles of reduced iron had 



Fic. 8.—Diagrammatic Sketch ihowing Section of a Roke in a Steel Axle, 
with surrounding of reduced %calc. 


crystallised together and to the steel itself, producing a practi¬ 
cally perfect weld — indeed, on straining, so as to bend the steel, 
there was no opening out at the junction of the two zonos. 
The minute inclusions are the residual portion of the scale 
which could not be reduced by carbon or carbon monoxide at 
the temperature at which tho steel lmd boon heated and 
rolled. 

In conclusion, it seoms reasonable to believo that under the 
ordinary treatment to which honeycombed ingots of steel are 
heated and rolled, internal small cavities or blowholes do 
Iwcomc perfectly welded up, provided there is an absence of 
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sulphide segregations, and that oven when these segregations 
are present , as they are not in continuous lines but occur only 
at intervals, the clean metallic faces between them come into 
contaot ami weld together. 

Tt seems also justifiable to conclude that surface blowholes 
which become oxidised on their walls during the heating and 
rolling of tho ingot, do become more or leas completely 



welded. The conditions favourable to this welding must be a 
sufficiently high temperature, and maintenance of the steel at 
that temperature for a long enough period after the cavities 
have been closed, to admit of tho carbon in the adjacent steel 
being afforded the opportunity to reduce the oxide scale. 

It must be pointed out that much more work is still 
required and trials made with other classes of steel and similar 
steels which have had treatment varying from what has been 
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described in tills note, ns it is certain under some conditions 
the blowholes may not be welded up. 



Flu. 10.—Section along a drawn-out hlawholetshnwing that the 
crystals are continuous from one side to the other. 


The methods described and the observations made will, it is 
hoped, facilitate the work of others who take up this branch 
of research. 



Fig. IL—Longitudinal secti' n'uf.a drawn-out blowhole containing sulphide 
segregation, after polishing anti bending. The datk irregular line 
illustrates where the steel opened out -along a sulphide thread. The 
dark lenticular-shaped portion w a cavity once filled by sulphide ot 
manganese, which became loosened on bending and dropped out 
afterwards. 


In conclusion. I must acknowledge the assistance of the 
gentlemen mentioned in the text of this report, without which 
it would have been impossible to present this note. 


1912.—L 


ii 
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DISCUSSION. 

Professor J. O. Arnold, F.K.S., Bessemer Medallist, said that he 
entirely agreed with the views put forward by Dr. Stead, and it had 
to lie "admitted that occasionally blowholes were produced in the 
course of steel manufacture. He could speak definitely upon that 
point, because he Iwd seen such blowholes. I>r. Stead had produced 
a remarkably lad ingot, and he (Professor Arnold) hoped it had only 
been made for the purposes of the investigation. Assuming that to 
be the case, he could assure Dr. Stead that they had made much worse 
ingots in the University Steel Works at Sheffield, and they were 
quite prepared to compote with Dr. Stead in badness. The points 
raised about low carbon steel might have u very grave application in 
connection with tubes for water-tube boilers. For such pur poses 
4.inch tubes from Swedish ingots were employed, and a blowhole 
in the ingot produced, in rolling down, minute rooks down the tube, 
and it was possible that, a burst might take place. He had seen 
examples of that in Admiralty and other tubes. From a practical 
point of view it was necessary to remember that in that vital part of 
11 ship, blowholes of that description could uot be welded out. 

The Piiesident, in concluding the discussion on the piper, said that 
he thought the Institute should be very grateful to Dr. Stead for his 
contribution. Speaking as a steel maker, he wus able to assure the 
meeting that steelmakers did their best to avoid the existence of 
blowholes, but, admitting that they did sometimes exist, it was inter¬ 
esting to know that, under certain conditions, they could be welded. 
The subject was of very great importance to those members who were 
engaged in the heavy steel trade, and if Dr. .Stead would extend his 
investigation to Bessemer and open-henrth ingots, steel makers would 
lie grateful to him. He assumed that the investigation with which 
the piper dealt had been carried out on crucible ingots. 


CORRESPONDENCE. 

Mr. W. J. Fostkk (I tarlaston) wrote that, at the lost May meeting 
he took the opportunity of discussing, in writing, l>r. Stead’s piper on 
blowholes, but unfortunately his views had evidently been miscon¬ 
strued. What he intended to convey was that most of the holes 
in iron and steel castings, including ingots, were brought aliout. by 
natural physical causes, due to simple liquid contraction through the 
various stages of cooling after casting, a phenomenon absolutely in¬ 
dependent of blowholes brought into existence by the evolution of 
gaseous matter. He mentioned that because lie thought it would be 
advisable first of all to determine the difference between the two 
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force* (which might lie cither those producing a vacuum or pressure) 
bv which those holes or cavities were formed, so that unnecessary 
investigations for the determination of gaseous in»tu*r in certain 
costing might be avoided. Further, he might odd that when that 
finest ion was discussed between several of hi* friendly critics anil 
himself some few years ago, the question was raised as to the cause of 
the holes in a honeycombed No. 4 pig iron. He then suggested that 
the direct cause of those holes was simply liquid contraction, an-1 
although his remarks were somewhat ridiculed, he was pleased to say 
that Ids friends now fully agreed that the primary cause of those 
holes was no other than liquid contraction. On the other linn-1, it 
would be absurd to attempt to dispute tho existence of gaseous matter 
in a soft overblown steel ingot or casting where an excess of gaseous 
matter was present. In reply to his remarks Hr. Stead suggested 
that if the holes were brought about by liquid contraction, winch if 
internally concealed would necessarily be under vacuum, and assuming 
that there hn.l been no path or channel caused during the period of 
contraction that would allow air to enter-which would undoubtedly 
oxidise the wall or outer skin of the hole—such hole or boles would 
be welded up perfectly. Ue (Mr. Foster) agreed with Dr istea-1 s 
remarks, and thought that if such castings were heated to a sufficiently 
high temperature to forge, they could be welded into a perfectly 
homogeneous mass. That ought to be a good test to distinguish the 
difference between a hole which hud been oxidised by gaseous matter, 
and a hole which hud absolutely been created by liquid contraction in 
a perfect vacuum. With reference to the question of 0-5 per cent, of 
carbon in a steel being capable of preventing internal oxidation of the 
iron in a blowhole under the conditions mentioned !•} Pi. ^ • l% 

(Mr. Foster) was inclined to think that tliat, opened out a field for 
research that required u great -leal of thought from a thermo chemical 

point of view. .... , 

In w-lving a problem of that nature, thermo-chemists had constantly 
to take into consideration the influence of mass. For example, it 
would be interesting to consider the possibility of the redaction <-f 
oxide of iron (Fed ».). which would form the oxidised inner coating -1 
the supposed blowhole. Ho had calculated theoretically that oxide 
of iron was reduced, in a mass "f steel containing 11 •• | H ' r c* nt. " 
carbon, by the following equation :— 


KeUJ, + 3C. — Pc. 1- 4CO. 

The units iu a mass of such a steel calculated by weight necessary 
to be bnm-rht into the sphere of chemical action for the reiluc- 
tion of Fc-O. derived fn-m the oxidation of one unit of the same 
steel would lie the enormous mass of 101 units. I ndei such oondi- 
ti.ms it was difficult to see how complete reduction conl.l pnmblj 
have token place in a semi fused muss of steel of tho carbon contents 
mentioned, particularly seeing that the reaction 

thermic, and l.a-l therefore a negative heat value nnder the coudltions 
mentioned. 
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One unit of steel oxidised :— 

Fej+O*- FejO«= Ififi : 6t:: t : 0-38. 

One unit of stool containing 0 - 5 per cent of carbon:— 
tOO : 0‘5:: 1: 01KIG. 

••• (V3fl unit of oxygen required — 78 units of 0'5 per cent of 
carl sin steel. 

Units of steel required when the following equation was completed : 

Fe a 0 l +2C J =Fe J -t-4c'0; 

thus 

O+C=CO=10 : 12: :1 : 0-75; 

.% "^^-—101 uniu rcquiierl. 

Ill conclusion, he hoped that l>r. Stead would give the matter due 
consideration, us he (Mr. Foster) was of opinion that it would lead to 
a valuable field of research for future investigation. 

Mr. C. H. Hidsdali (Linthorpe) wrote that the members ought 
to be very much obliged to l>r. Stead for having carried out thcee 
further definite and systematic experiments with blowholes and 
cavities synthetically produced and subjected to welding treatment 
under known conditions, as an independent check upon the conclu¬ 
sions which practical men had arrived at from observation in actual 
works experience. It was also comforting to himself to find with 
regard to the points on which Dr. Stead had made pronouncements 
that they were in entire accord with what he (and no doubt many 
others) already held with regard to the effect of rolling on ingots 
under ordinary mill conditions—namely, that the ordinary blowholes 
(invariably present.) liecame for practical purposes welded up. lie 
might add also, from his own experience of steel tanging from a trace 
to 0‘50 per cent, of carbon, tliat even cracks, the surface of which 
wore oxidised—such as those due to rulliug an ingot whilst too 
“ fresh "—did not, in the rolling process, tend to go deeper, hut to 
come to the surface ; changing their vertical to an almost horizontal 
direction, and, unless very deep, scaling or flaking off altogether, 
whilst if too deep for that, they exhibited surface defects, and the 
piece became rejected. He (Mr. itidsdale) had, however, some years 
before to report on some foreign ingots, intended for the manufacture 
of boiler tubes, which contained deep vertical ruuks, oxidised inter¬ 
nally, and in which the particular process of making into tubes had 
left the roaks still almost vertical, and exactly as Dr. Stead described. 
Kelow a small visible surface defect for a considerable distance 
welding had taken place, which when sectioned ami polished was, 
to the eye, apparently perfect, but on etching, ami under the micro¬ 
scope, was clearly imperfect—indeed I >r. Stead's words, “ the seam 
originally consisting of oxide of iron had been practically reduced to 
the metallic state . . and, . . . “ on attempting to bend . , . the 
grain at once separated, there was no cohesion . . entirely described 
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it. That was obviously a cast* where apparent welling up might give 
a false sense of security, as the tube might easily burst when in 
service. He was pleased to see that Dr. Stead’s experiments showed 
that “‘soaking’ after wasb-welding was of uo advantage*—because 
he (Mr. Ridsdale) was of opinion that, though in practice many people 
seemed fond of it, it never did good, but always, if continued long 
enough, serious luuin to steel. Erroneous impressions on the subject 
of blowholes existed in many quarters, and thunks were due to I>r. 
Stead for demonstrating in n clear way mutters which would go far 
to remove some of those impressions. 

l>r. Stead stated, in answer to Mr. Foster's remarks, that it should 
be clearly understood that oxidised blowhole* could only be welded up 
provided the time and temperature were suitable to admit of the 
carbon of the steel reducing the oxide. When an ingot was rolled off 
from a relatively low temperature without reheating afterwords, it 
was doubtful whether the welding up of oxidised blowholes would be 
satisfactory. Reheating in an annealing furnace after the forging or 
rolling would undoubtedly favour the reduction ot the oxide and more 
perfect welding. The remarks of Mr. Foster with regard to thermo 
ehemicul reaction were interesting. It, must be remembered, however, 
that whilst the amount of oxide of iron on the sides of closed up 
blowholes might be exceedingly minute, the mans of the surrounding 
steel was very great. \\ ith carbou, even as low as 0*2 or 0*3 per 
cent, in the steel, there would be an excess of w hat was required to 
reduce oxide films. 

Replying to Mr. Ridstlale’s remarks, Or. Stead stated that the 
quotation he lu»d made had reference to steel which had la*en reheuted 
for three hours at 950° C., but without forging afterwards, in which 
the grains of reduced iron had not crystallised together. Ibe result 
was, however, different in the case of heating the same bar for one 
hour at 1100° 0. In that case the grains had crystallised together, 
but the weld was unsound. After again heating to 1100° C. and 
forging down to smaller size, the unsoundness disappeared, and the 
joint did not open out on attempting to betid the specimen. He was 
glad to find that Mr Ridsdale, as a practical man, had arrived at the 
same conclusions as to the wel<iing-up of blowholes as be (Dr. Stead) 
had done, but he would point out that practical men were far from 
being unanimous upon that poiut, and he desired clearly to point out 
that the welding described iu liis piper was complete only under the 
conditions he had elate. 1. It was possible that under other condi¬ 
tions, such us lower temperature of heating, welding would not be so 
perfect. 
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NOTES ON A BLOOM OF ROMAN IRON FOUND 
AT CORSTOPITUM (00RBR1DGE). 

1‘kEJ.ENTKi. IIV Sm HUGH HELL, HaHT. (Pau-Phemokn r). 

During the recent exploration of the Roinano-British site 
of Corstopitum, one of tho largest masses of Roman wrought 
iron ever found in England was unearthed in 1909, and it 
was to deserilie this that this note was prepared. 

The exploration was organised by a committee of prominent 
arclneologists. with His Grace the Duke of Northumberland 
as President, and Mr. R. II. Forster. M.A , F.S.A., as Superin¬ 
tendent to the actual works. Excavations were conducted 
during the years 1906-1911, and will be continued this 
summer. Full reports have been issued yearly in ArcJurolotjia 
Arliana by Mr. Forster and others. The finding of the bloom 
is described there in the volume for 191U (pp. 240, 2651 

An excellent short account of what was done and dis¬ 
covered in the years 1907-1909 has been written by the 
Superintendent and Secretary. In this account 1 an introduc¬ 
tory statement is given describing the position of Corstopitum. 
This I now propose to quote. 

“ The Roman Corstopitum, though it is situated ubout 
two and a half miles to the south of the into of the Murus 
owes its importance to, and no doubt acted as. a supply hose 
for the soldiers who garrisonod the wall. It lies immediately 
to tho west of the village of Corbridge, on the north hank 
of the Tyne, at the point where a Roman bridge, half a mile 
west of that now in use, carried Dere or Walling Street across 
the river. It was obviously so placed to command the great 
Roman road which formed the line of communication between 
York (Ebontcum), the headquarters of tho Sixth Legion, aud 
the eastern part of the northern province: this road enters 
County Durham at Piercebridge, passes Rinohester ( Vinovia), 
Lanchestor, and Ebcbcster (Vindomora), and here crosses the 

l Contvfttum Rt^ri M tkt Rxiontumi in 19W. By K. H. ranter ami W H 
Knuwto. Newaistle-upon-Tync: Andrew Reid A Cg.. Lid.. IU10. 
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Tyne lo Corstopitum. Thence it continued northwards by 
Risingh&m (Habitancum), High Rochester (Bremeuium), and 
Chew Green into Scotland, and reached Newstead and tlio 
wall of Pius beyond it. 

“ The name Corstopitum occurs in the Antonine Itinerary, 
or Road Book of Roman Britain, as the lirst mttnsio or halt mg 
place south of Bremenium, which seems, at the date when 
this part of the Itinerary was compiled, to have been on the 
northern frontier.” 

In conclusion, in this short report, the authors state " that 
Corstopitum was not an ordinary fortress, but rather a town 
penetrated by military elements. The two buttressed granaries, 
of exceptional size, are distinctly military features, as is no 
doubt the large massivo building to the east of them. Ihese 
appear rather lo have Ikjcii intruded ou the city, thereby 
converting the place into a large depot, a service which it 
probably ooutinued to fultil from the time when Antoninus 
Pius made his advances northward, until Septimius Severus 
similarly conducted expeditions against the Caledonians. The 
presence of numerous coins of later date than A.l>. 200 in the 
granaries possibly occurs in consequence of these buildings 
being subsequently used for other purposes than the storage 
of grain. The repeated tinds of burnt coins dating up to 
A.n. ,"40, and a scarcity for a period thereafter denote a 
destruction by tire, while the absence of coins after about the 
year 385 narrows to within a few years the perils 1 when the 
city was aUindoned. It is, of course, not possible to assign 
these dates to the periods when the various road and Hoor 
levels were constructed, but it is all new evidence to be 
carefully notes 1 as revealing the history of the occupation of 
Northern Britain.” 

In an historical account of the manufacture ot iron in tho 
North of England, by I. Lowthian Bell. 1 it is pointed out that 
“ the labours of Hodgson, Wallis, and others leave little or no 
doubt that the smelting or reduction of iron ore was carried 
on to a considerable extent in this part of tho country during 
its occupation by the Romans. Vast heaps ol iron scoria.* 

I Tit tmJmitri.il Ktnmrrti mf tit Trmr, It tar, amJ Tttt (Repents read tWore the 
British Association in W63I, p. *L Second edition. London, 1WU. 
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tuny be seen on the moors in the parishes of Lunches ter and 
Chester-le-Strcet, in the county of Durham, and in the valleys 
of the Reed and the fyne; on the mountain limestone in 
Northuml>erland. It Is remarkable that none of these are 
very remote from one or other of the Roman stations which arc 
scattered over those two counties. The same observations re¬ 
specting an early use are, to some extent, applicable to the lias 
ironstone, and no doubt proper investigation would indicate a 
similar state of things wherever iron ores were near the surface, 
and the state of society required tho metal they contained.” 

The following metallurgical notes by Professor H. Louis 
wore included in tho general report for 11)09 (ArthiroltMjia 
A'liaiui, 1910, p. 205), in which he gives the results of his 
personal investigations, and an opinion us to the origin of the 
iron bloom:— 


NOTES BY PROFESSOR HENRY LOUIS. 

“Tho most interesting ohject found was a block of iron 
(sec 1 late l\. Fig. 1), 3 feet 4 inches long l»y 7 inches 
square at one ond, which was rough and rather sfiongy, 
tapering down to ubout 4$ inches square at the other ond 
which was well rounded, iu order to got sumples for metallo- 
graphic examination, pieces wore cut out with chisels and 
hack saws; underneath a superficial skin of hard rusty scale, 
about $ inch thick, the uietal was found to be quite clean, 
sound, soft and tough. To obtain samples for chemical analysis, 
J-inch holes were drilled about 10 inches from the smaller 
end and 2 inches from the edge of tho block; for the lirst 
1J inch the metal was clean and sound, hut on dr illing 
deeper, the interior of the bar was found to lie honeycombed 
and spongy. Only the outer sound portion of the metal was 
subjected to a complete analysis, 1 which gave the following 
results: — ^ 

Carbon. 

Silicon . 

Manganese 

Sulphur 

Phosphorus 

Silica in the form of slag 



Per Cent. 

• ♦ • 


• ♦ • 

. nil 


. nil 

• • • 

. 0 COS 

• * . 

. troes 

• • 

. 0 32 


Armstrong College. 
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“The inner spongy portion of the block contained 0'14 per 
cent, of carbon. 

“ The uiiurosl ructure showed characteristic grains of ferrite, 
with the planes of separation of the crystals very well marked. 
Some of the grains of ferrite show a well-defined series of 
parallel lines running across the crystals. The outer edge 
of the sample shows a small quantity of pearlito between tho 
grains of ferrite; there are also numerous patches of slag, 
generally elongated in the direction of the longer axis of 
the block (see Plates II. and III.). 

I havo little doubt that this block was made by welding 
together comparatively small lumps of iron produced by a 
direct reduction process in small charcoal tires; there is no 
reason why the ores employed may not have been the local 
blackband ironstones of the carboniferous series, some of 
which outcrop in this part of the country. The block of 
iron was probably used for an anvil, and 1 am inclined to 
think that the iron was probably smelted in the woods, near 
the outcrop of a seam of ironstone, and was brought into 
the Corbridge settlement to be there worked up and forged 
into various articles; the anvil block would in that case have 
been used for such forgings." 

Chemical analyses and microscopical investigations on the 
bloom hnvo since been carried out by Dr. J. E. Stead, F.R.S., 
who has kindly suppliod the following details: — 

NOTH BY I hi. J. VL STEAD, F.B.S. 

The bloom measured 39 inches between the extremities of 
the metallic portion; its diameter at the widest port was 7 by 
8 inches, and at the smallest part 5 by 4 J inches. It weighed 
3 cwt. 8 lb„ but as it was thickly coated with rust, and contained 
oxidised slag in the hollow upper part, also much imprisoned 
slag, it is probable that the nett weight of the metallic part 
was not more than 3 cwt. 

On close examination of the external surface, there was 
evidence that the bloom had lwien built up and welded in 
sections os suggested by Professor Louis, as the terminations 
of some of the la|« could he easily seen. 
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As it was of great interest to find out exactly how the mass 
hud been built up, whether tho several pieces used in its 
construction were homogeneous, and whether the welds hud 
been well made, the committee decided to have the bloom 
sawn through its entire length so that a thorough examina¬ 
tion could be made. The bloom was therefore sent to 
Middlesbrough, and Messrs. W. Shaw & Co. having kindly 
consented to do the sawing by the aid of their powerful 
band saw, it was removed to the Wellington Foundry, where 
it was cut under the superintendence of myself and my 
assistants. 

Owing to tho presence of enclosed slag there was difficulty 
in sawing it, so much so that before the sawing was com¬ 
pleted no less than six band saws were required. The sawings 
from each 0 inches of bloom cut were reserved for separate 
analysis. 

The cut faees were planed, polished, and photographed, and 
were afterwards etched with a 20 per cent, solution of nitric 
acid and water, and were again photographed. An auto- 
sulphur print was taken of one of the faces previous to 
etching with uilric acid, and this showed considerable darken¬ 
ing corresponding to the parts where the imprisoned slag was 
located, but a very slight and uniform colouration throughout 
the wholo area of the metallic portion. This is reproduced in 
Plato IV. Fig. 2, showing that, while the metal contained a 
very minute quantity of sulphur, the slag was rich in thut 
element, a result confirmed afterwards by analysis. After the 
faces had been strongly etched, it was easy to trace the lines 
of welding, not because of the imperfection of the welding, 
which was geuorally very good indeed, as can be seen by the 
photographs, but on account of the slight physical difference 
in character of tho metal on the sides of the junctions. In 
order to show how the mass was built up, careful tracings 
were mado by Messrs. Harrison and Jobson of Middlesbrough. 
These are reproduced in Plate V. Figs. 1 and 2. From 
these sections it is perfectly clear how the pieces were joined 
together and the bloom built up. In general terms, slabs 
approximately lenticular in section were employed. After the 
smaller end was mode, the piece at this stage probably hud u 
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similar appear unco and shape to the upper end of the bloom 
in the condition in which it was found in the furnace with 
projecting taper pieces. After forming tho foundation piece, 
two slabs must have beeti inserted rw-A-tn* and the mass then 
heated to wolding temperature, after which it was removed 
and welded by hammering, but by what kind of implements 
there is no evidence. Step by step this process was repeuted 
until the bloom of the size and dimensions as described were 
obtained, plus, of course, the portion which had been remover! 
by subsequent rusting. 

It seems probable that tho bloom was in course of further 
development at the time it was left in the furnace, a conjec¬ 
ture justified by the projection of the pieces of metal at the 
upper or thick eud, the fact that it was this end that was 
uppermost in the furnace, anti also to its very unfinished char¬ 
acter. The presence of large cavities in the central shaft of 
the bloom clearly proves that the mechanical foroo used in 
welding it was not great, probably because there were no 
powerful agencies available. 

On examinin'' the etched sections there were noticed certain 
areas coloured brown, ami those on microscopic examination 
wore provod to contain betweon 0*5 and 1*5 per cent, carbon, 
and analyses taken from these areas by drilling gave carbon 
respectively 0'75, 0 SO, and 1*6 per cent (See photomicro¬ 
graphs, Plate VI. Figs. 1 and 2.) The metal at these points is 
really steel, possibly produced by the carburisation of the sjiongy 
iron initially produced whon the ore was being reduced in a 
charcoal tire, and probably tho result of accident rather than 
design. The upper central portion of the bloom was little 
better than a mixture of iron and cinder, similar in character 
to a spongy ball of puddled iron. The analysis of the inter¬ 
posed cinder proves that the cinder itself is not a refuse slag, 
hut probably oxide produced l»y the oxidation of almost pure 
iron, which might Ik; the result of heating a large numlier of 
small pieces of the iron preparatory' to welding. 

The photographs in Plate VII. Figs. 1 and 2 represent the 
character of the metal at points A and B, natural size. In Fig. 1 
showing the homogeneous part there is striking evidence of 
the almost complete absence of included slog, which is most 
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remarkable in view of the fuel that the thickness of the metal 
at tliis part was so great (measuring 4 inches); ami one can 
only conclude that the whole of this was obtained from a 
single mass of spongy material worked up in the furnace itself 
by pressing and squeezing during a considerable period, and 
not produced by the welding together of several separate 
pieces. 

Plate VII. Fig. 2 indicates u very different character, as 
the amount of enclosed cinder is excessive. It probably re¬ 
presents what the sounder metal really was previous to the 
process of squeezing and proper working. 

Tht Furnace in which thr Bloom was /mind .—Judging from the 
description in the full Report for l'J(J9 by Mr. Forster, 1 the 
furnace was about tt feet in diameter, circular in form with a 
narrow opening in front; the depth is not given, but,judging 
from the illustration shown in Plate VIII., it was about 5 feet 
from the top of the wall to the hearth. 

In a communication since received from Professor Louis 
who was privileged to examine the furnace and surroundings, 
he states, when referring to the so-called *' furnace ":_ 

“ Whatever it was, I aui convinced of one thing it was not, 
and that is a smelting-furnace. The walls were made of 
rough stone set in common clay reddened by heat, that is to 
say, which had been heated somewhat above the temperature 
of dehydration of the clay, but had not been thoroughly 
burnt in the sense that an ordinary brick is. If this clav 
had been exposed to a welding heat it would have been 
fused, or at any rate vitrified. It is barely possible that the 
structure as it stauds might have been ihe outer wall of 
a furnace, from which the inner lining or furnace proper 
had been removod, but the absence of tuyere holes seems to 
me definitely to dispose of this hypothesis. I now imagine 
it to have been the substructure of a forgo used in welding 
up the bloom: the bloom will have been stood upright in the 
middle of the wall and secured with stones, clay. &c.; round 
the upper part of the bloom that wus being forged, a light 
wall, probably of clay, will have been built, and into this clay 
will have been built two or tbreo of the clay nozzles found at 
» Ankaelagia Atlia**, Third Seric*. lUlu. *oL n. pp. $ 40 , ^ 
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Corstopitmn (see .sketch, Fig. 1); by this means a welding 
heat will have been got round the upper part of the bloom, 
when the upper wall would probably be pulled down and the 
bloom hammered. A number of these clay nozzles were found, 
a photograph of some of these boing appended (Fig. 2); they are 
very like what I havo seen used in the Far East for similar 
purposes. I also send you throe photomicrographs (Plates II. 
and III.) taken in our laboratory, which enabled me to determine 
the nature of the iron. I have little doubt in my rniud that the 
ore smelted was from the outcrop of the local blackbands; 



Fic. 1 —Section through Furnace, showing j cobabk method of (urging 
the mass of Irun. 


thero is, for example, a famous bed of ironstono just below the 
base of the coal-measures proper that was worked for many 
years in the Derwent valley, not many miles from Corstopi- 
tum, and other similar deposits outcrop all round about that 
site (see accompanying map, Plate IX.), Tho well-known 
Ridsdale ironstone, mentioned above by Sir L Lowthian Bell, 
forms a conspicuous band that, actually runs across the Roman 
road and is close to the site of the Roman station, Habitoncum ; 
this oould well have been a source of the iron in question 
Obviously if iron were made direct from an ore such as I 
have suggested, the iron would be low in phosphorus, which 
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element would pass direct into the slag (vide analysis of 
' Cinder from Cavity’). I have conjectured that this block of 
iron was intended to be used as a stake anvil, and I still hold 
this to bo quite possible. In this case the lower end would 
have been undergoing repair or being lengthened at the time 
that it was left. 

“ I am quite convinced in my own mind that the origin 
that I have assigned to this iron is correct, and can see no 
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argument at present against it. It is quite certain from 
what. I have seen of direct process work, that if this were a 
smelting furnace site there wotdd have been a considerable 
accumulation of slags round about it, and I cannot l>elieve that 
the careful search I made would not have found any had such 
existed ; it seems to me much more natural that the Romans 
smelter! their little balls of iron with charcoal at or near the 
outcrop of the local ores, and transported the cakes of spongy 
iron thus produced into the town of Corstopitum to be worker! 
up. I have seen quite similar operations in India : the famous 



FOUND AT tJORSTOPITUM (CORBKIDUE). 127 

Delhi Pillar 1 is supposed to have been made in the same way 
as I am supposing was used for this Roman bloom. There 
seems to be no good reason why the practical Romans should 
have brought their ore and charcoal iuto the township to 
smelt them there, instead of building smelting worts on a 
more convenient spot, as the condition of the country appears 
to have been peaceable enough to allow them to carry on 
their smelting operations in the woods." 

The sawings, as they left the machine, were mixed with tho 
lubricating water solution of soap and particles of free cinder. 
After separating tho free metal with a magnet the cinder-freed 
iron was washed with water, then alcohol, and finally with 
ethor; and after drying was analysed. The six separate por¬ 
tions were tested for carbon and phosphorus, and equal portions 
of each were mixed together for more thorough analysis. 


CHEMICAL ANALYSIS. 
By J. E. Stead. 
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Carbon . 



. «<W7 





. 0«U 


Silicon . 



. (ilMfi 


Sulphur . 



. <1 025 


Phosphorus 



. 0-014 


Arsenic . 



. it om 


Copper . 



. OHIO 


Cimirr . 



O.TSO 



1 See the interesting paper by Sir Robert Ita-lftrUI no -Sinhalese Imn awl St re I of 
Andrnt Origin.'* contributed I • the present meeting uf the Iron and Steel Institute. 
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Analysis of cinder separated from the metal at point A 
the diagram and from ono of the cavitios:_ 


Iron . . 

Silica , 
Phosphoric add 


Point A. 
Per Cent. 
. 69-30 
. 060 
. 0-09 


From Cavity. 
Per Cent. 

10-fiO 

042 


liu*t and Cinder mixed from Top Kntl. 


Peroxide of iron. 
Protoxide of iron . 


♦ 


4 

Per Cent 
58-000 
21 -407 

Protoxide of m&nganexr 


♦ 



0 309 

Alumina . . 





1 -24ti 

Lime .... 
Magnettn . 




♦ 

0 800 

0 596 

Silica .... 
Snlphnric add . 


• 



7-450 

OTTO 

Sulphur 


• 



0-364 

Phoxphoric acid. 


• 



0-174 

Oxide of copper . 




• 

trace 

Potaxb 





0-077 

Soda .... 




• 

0 199 

Arsenic . 





0 030 

Chlorine ... 





0-385 

Carbonic acid . 
Combined water 





3*300 

6180 


Iron . 
Sulphur 
Phojpborui 


99-980 
Per Cent. 

crus 

0068 

0076 








Plate II 



Fig. 1.—Roman Iron font Crrstopitum. Magnified 2S0 diamr.eiv. 
PtUiktH and pholografhti h /. A'trr, Natamter 5,1900. 
(Louts and Dean.) 



Fir.. 2.—Roman Iron from Corstof itum Section stoning Slog and Ferrite. 
Magnified 160 diameters, 

(Louisand Dean.) 






Plate III 



Roman Iron Iiom Corstopitum. Section showing Ferrite only. 
Magnified I fit) diameter*. 

(Louis anti Dean.) 





Plate IV 



Flu. 1.—Bloom of Roman 
Iron found at Corstopi- 
tum. Length of metallic 
portion freed from rttit, 
3» inches; thickness. ' * 


8 inches and 4} x Sint hes. 
Weight, 3 cwt. 8 lb. 



Flo, I.— Auto-sulphur Print 
from Specimen previous 
to etching. 

(J. K. Stead. | 









Plate V 



Fig. J. Fic. & 

Photographs of Drawings showing how the Roman Bloom was built up. 
ith natural site. |J. K. Stead.) 





















Plate VI 



Fig. 1.—Polished only. Ccmentite is in relief. 



Fig, 2. —Etched with picric acid- The white (Arts iire Fc^C, ibe dark (jam sorbite, 
anti the ground mass is ferrite. 

Section* ftom Roman Mourn Steel containing 1 H per cent, of Carbon, showing evidence 
of segregation of Fe*C, and that the last heating of the bloom wu prolonged 
between 70(1* ami 800" C. (]• E- Stead.) 









Plate VII 

























Plate VIII 



Kciiinini of furnace in which the ltloom wa« found. 


























Plate IX 



t. Corstopitum. 

2. RiisduJt*. 

3. tlareshaw 

4* Bellingham TolL 


XXX 


5. The Belling. 

6- Chesterbolra. 

7. Chester* ood. 

8. Apprrley and Hedlejr. 

The principal outcrop* of iron ore are shown in rcil. 

Many outcrops of clay ironstone on thro- moon, and remain* of ancient slag heap* 


9. WhittonstalU 

10. Con sett. Ac. if. Wytam. 
11 - Lritimmgton. 

13. Hrinkburn. 


Map thawing position of Corstopitum and tt-vt known Iron Ore Outcrops in the snrroumlin. nnmi,. 

A/UrG. A. /. /As mr, /> Se. . KG.S. K “"‘T 


Srtle afhfiles 


, •'«*»»* I. La. 
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DISCUSSION. 

Sir Hugh Bki.l, Bart, Pant-President, in introducing the paper, 
said that the actual ingot, or half of it, woe in the room, the ingot 
having been cut in two. While he had been investigating the subject 
of the paper there had been some correspondence upon the subject 
with those interested in questions connected with the early manu¬ 
facture of iron, and lie hoped that some of that correspondence would 
apiienr as part of the Proceedings. 


CORRESPONDENCE. 

Professor Henby Lol l8 (Newcastle) wrote that he had one or two 
remarks to make with regard to the paper, in which he was much inter¬ 
ested. The point which Sir Hugh Beil hail rained as to whether the 
iron was made by the indirect or the direct proce ss was one upon which 
everybody did not agree, but ho, personally, was quite in agreement 
with the view of Sir Hugh Bell, which had been his own view from the 
beginning—that the iron was made by the direct process. There was 
no real evidence that the Romans knew cast iron, except as produced by 
accident now and then. Iron (und steel) was the material most natu¬ 
rally used and sought after throughout tlie ages, because it was a good 
fighting material, but east iron was not. known until well on in the 
sixteenth century. The well-known author Agricola, writing about the 
middle of the sixteenth century, described the process of making steel 
by immersing wrought iron in a bath of cast iron, but the requisite 
cast iron bad to be produced by a very special and round-about 
process. Cast iron was not produced in the ordinary way of making 
iron at all, and there was very little doubt that lip to about that 
period that material luul only been prod need by accident. It was 
only the gradual increase in the height of the furnace used for 
making wrought iron that Us I to the manufacture of pig iron. 

lie happened to liuve seen a great deal of the direct manufacture 
of wrought iron, which had always been a matter of considerable 
interest to him He had seen the process by which it was manu¬ 
factured in small furnaces in the Central Provinces of India, and had 
studied its manufacture direct from magnetic ore at Lake Champlain, 
N.Y., which was probably the last district in which wrought iron was 
made direct from the ore in a civilised country on a manufnetui ing 
scale. There appeared to be several different types of furnace in 
use in various parts of I ndia, and possibly a brief description of the 
process that he had seen in Jubbnlpoor might be of interest. The 
furnace was built of dried clay along the edge of a trench some 3 feet 
deep. It stood a Unit 3 feet high above the trench ; the liottoui of 
the hearth was about a foot aliove the liottom of the trench, so tliat 
the furnace was about f> feet high inside; it was about 10 inches 

1912.—L I 
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M|nare nt the mouth, but widened out to nhout <lotihl<> that size at the 
hearth. The back ami aide walla were alxint 2 feet thick, but thefrout 
wall, facing the trench, was only a couple of inches in thickness. 
Through that pawed a couple of tuyeres, mnde of dried clay, about 
2 feet long, pierced with a 2-inch hole. The blast was supplied by 



FlC. 1. Photomicrographs of Native-made Indian Iron. Average carbon cootent it 44 
per end. The three photographs were of different field* of the same section, which 
was about J inch square. Magnified Stt) diameters. Illumination—Vertical. 


means of a pair of circular goat-Bkin bellows worked by hand; a roof 
of brancht* and leaves was built over the Itellowa to acrera them (ami 
the man blowing them) from sparks. The furnace was tilled with char¬ 
coal, and, after that had been ignited, small baskets of ore and charcoal 
were thrown on alternately at intervals of alsiut half an hour Utei 
Mime ten or twelve hours’ work, the thin wall was broken down, and a 
bloom of some 70 lb*. weight was got out. That rough bloom was cut 
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into pieces, heated up in a primitive forgo and hammered into tint cakes, 
in which form it was sold. That description might l>e of interest in 
view also of Sir Robert lladtield's paper. There wus one point which 
Sir Robert mentioned in his paper, indicating tliat the Indian metal¬ 
lurgists were acquainted with cementation, as to which he was rather 
doubtful. It was quite dear that they knew how to moke steely 
iron, and could weld such steel to ordinary iron, so that they were 
able in that way to obtain effects similar to cementation, although it 
was doubtful that they understood cementation as it was understood 
at the present day. A point of great interest with regard to direct- 
made iron was its great variability in structure, as shown, for in¬ 
stance, in the immense difference between I>r. Stead's micro-section* 
and his own. He submitted three photomicrographs (Fig. 1) taken 
from a small piece of direct-made Indian iron, not more titan a ^ inch 
square, one section showing pure ferrite, unotber ferrite ami peurlite, 
and the third almost entirely |>«arlite. lie would |»oiut out that that 
rapid variability in the carbon contents wus ono of the most notable 
characteristics of direct-made iron. Another noticeable point in 
those photomicrographs of direct-made iron was that the ferrite 
crystals were rather more widely separates! from each other than 
in ordinary wrought iron or puddled iron; it wa.-. he thought, 
doubtful whether that was due to the method of manufacture or 
to the lesser amount of work which had been put upon such direct- 
made iron as compared with iron made by other processes, lie had, 
however, no doubt at all about the method of manufacture of the 
Roman bloom which was the subject of Sir Hugh Rell s paper. It. 
seemed to »>e quite clear that it was made direct from ore, and 
probably from the iron ores of the coal-measures of tho district in 
which it was found. As to what use it was intended for, that was 
entirely a matter uf conjecture. 

Mr. Gborue Turner (Glasgow) wrote that he was at a loss to 
understand whv the won! “Roman'' had come to 1st applied to the 
bloom referred to. The thickness of the overgrowth of soil and 
vegetation was not stated ; nor were there any of the accomfianying 
elements of a kind which belonged to the Roman jieriud of occupancy 
of Great Britain. The Romans were certainly great military smiths, 
working in both bronie and irou, which the remains of their camps 
proved. They were not, however, iron-makers as the Celts every¬ 
where were, according to the Roman writers themselves, which w.is 
confirmed by Celtic tradition, and the latter further attested by the 
nutueruus iron slag heaps 1 tearing Celtic names, with evidence of 
the process employed, which was without doubt non-Homan. ’I he 
presence of Roman coins in slag heaps, which had been of frequent 
occurrence in England, merely proved tho operations to be concurrent 
with the Roman occupation. The writings of Mr. George Tate clearly 
showed that the most ancient iron slags of Northumberland ’and 
elsewhere were of Celtic origin. Mnch information on the early 
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connection of the Celts with the iron ini inn try rotild be found in 
Professor Bidgeway's “ Karly Age of Oreecc," vol. i. 

In his (Mr. Turner’s) opinion, the bloom under consideration be¬ 
longed to the close of the 13th or the liegiiming of the 14 th century, 
when the iron industry was pre-eminently active at Corbridge. 
Possibly it was intended to be forged into a water-mill spindle, ns 
water power whs then Wing extensively applied ; the operations may 
liave beeti precipitately abandoned at the time of one of the Scottish 
raids. The remark* made by Professor Henry Louis on the Corbridge 
bloom seem to accord with the practice at that time (13th and 14th 
century) 

Towards the close of the 13th century* iron must have been manu¬ 
factured in considerable quantities in the North-Midland part of the 
county of Northumberland, as in 129H and 1299 huge purchases were 
effected at Corbridge Fair, and sent to Newcastle and Carlisle, by the 
English government for expeditions against the I»wland Scots, who 
were then making frequent incursions into Knglnnd in search of that, 
metal, and devastating the country along their line of march. A Unit 
five years Inter iron was shipped from lterwick-on-Twoed, and in 1315 
the government of the day drew from Newcastle the ironwork neces¬ 
sary for their military operations in Scotland. Owing to the frequency 
of those itil oad*, and the extent of the havoc wrought by the Scots, 
the making of iron in the uplands of the county probably ceased 
altogether in 1318, os the King then ordered purchases of iron and 
steel to l«* made in l/ondnu for the munition of Her wick Costle.- 

Profcssor F. Havekkiklo (Oxford), who hud Wen closely connected 
with the Corbridge excavations, wrote regretting his inability to be 
present. He thought tlio account of the use of the “ nozzle, 1 ' shown 
in Fig. 2, p. 128, was almost certainly wrong. The “ nozzle* ” were 
found, not in connection with tlm kiln, but in connection with an 
adjacent hath-bnilding, and wholly or almost wholly inside it and 
along the lines of its walls. Similar nozzles had been found elsewhere, 
in places where there was no kiln known, nor any iron, hut where 
there was a bath-boose, and they hail occurred in each case it, definite 
connection with that, for example, at Itinchester in Co. Ihirham, anil 
at Niederberg, Vielbrutin, and Mobil in Cermany. At Niederberg 
one nozzle was found with a long nail in it. According to fiermnn 
writers, they were employed with similar long nails to hold an outer 
skin of tiles a little distance from the actual wall; the hot air could 
then rise between the wall and the outer skin, and warm the room. 
If that view were correct, those “ nozzles" assisted to provide just the 
same channels for hot air as were provided elsewhere hy box-tiles, or 
by the so-called tegular Immalae, and had nothing to do with the 

i •• The Iron Industry of En g land. Historically and Topographically considered." by 
George Turner, in a series of seventmpers. Tkt Irvamcrnffr. 22nd Aug. and 2fith Dec. 
T.W8 . 27th March mil 7th Aug. 1»W. 27lh May, 24th June, and 23ol Sept. Hill 

* See also " The Ancient Iron Industry of Stirlingshire and Neighbourhoods pp 0 
to 8, in Tmnuuriimi of Stirring Xarnr.il Rithuy an.I Arri/w&ifi.al S.vie/y, 1310-11 
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furnace. For the rest, he was inclined (so far as he was able to 
judge) to agree with the views of Professor Louis, and he desired to 
express his thanks further to Sir Hugh Bell and I>i\ Stead for all the 
trouble which they had taken in oxainining the “ bloom " and clearing 
up its character. In reference to Mr. Turner's suggestion that, the 
blnoui was not Koninn at all, but dated from medieval iron-working 
at Cor bridge, he desired to point out (a) that it had been found amidst 
purely Homan objocts, (it) that no medieval remains hail occurred 
anywhere on the site of Corstopitum, and (e) that he was assured by 
the latest historian of Corbridge, Mr. H. H. E. (.'raster, that no iron 
was worked in Corbridge in the Middle Ages, though pieces might 
have been Weight and sold at Stngshaw Bank Fair, to which all 
Northumberland used to resort. 

l>r. J. E. Stkad, F.U.8., Vice-President, wrote that one point of 
interest in the analysis of the cinder taken from the upper jturt of 
the bloom was the large amount of chlorine present. '1 ho alkalies 
were not in sufficient quantity to combine with that chlorine, and he 
(l>r.,Stead) was forced to conclude that basic oxy-ehloride was present: 
bow it got there he could not conceive. With regard to the question 
as to whether the Romans were acquainted with the process of car¬ 
burising steel by cementation, it was known that they did m a nufa cture 
steel, and that it wo* almost certain that the carbon must have 
entered the iron by cementation. It was doubtful whether they 
practised the process as conducted in modern times, but it was easy 
to conceive how pieces of iron could be carburised by embedding them 
in the heart of a large charcoal fire and maintaining them at u high 
temperature by using blast insufficiently strong to penetrate to the 
centre of the hearth. The combustion of the cliarcool near the walls 
of the furnace in such case would maintain the iron and charcoal at 
a sufficiently high temperature to admit of any degree of carburisation 
required. The pieces of steel welded in the bloom, illustrated oil 
Plate V. in half tone, in his opinion must have undoubtedly been 
produced in some such way, and, if so, might correctly be described 
as a cementation process. 

Since the reading of the paper, with the assistance of Mr. J. L. 
Potts of Messrs. J. II. Andrew A Co. Ltd., Sheffield, the plnniugs and 
sawing* which were produced on cutting and planing the bloom had 
been welded together and forged into a loir. The bar wit* pooled 
through a cementation furnace and carburised to the extent of about 
1J per cent, carbon. It was then forged down, and al*out twenty-five 
penknives were made from the steel by Mr. Joseph \N estby of 
Sheffield, the blades l»eing stamped with the word ** Corstopitiim." 
Those blades were of unique interest, representing as they did— 
excepting for the small amount of carbon added—material made 
prnl nib!y more than 1500 years agu. 
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SINHALESE IRON AND STEEL OF 
ANCIENT ORIGIN. 

Bv Sll ROBERT HADFIELD. F.R.S. (hHtOTEt.O). 

SECTION A. • 

Introduction. 

The U66 of iron, including in this term the combination of 
iron and carbon known os steel such os produced by the fusion 
or cementation processes, has without doubt existed from n 
time dating back to a very early period in the world's recorded 
history. 

Owing, however, to the avidity of the oxygen present in the 
air for this metal, it hits been most difficult to obtain ancient 
specimens of iron. Wo have therefore but little definite evi¬ 
dence regarding its early manufacture and use. It is for this 
reason the author thought that the present description of 
some interesting Sinhalese 1 specimens of this nature which 
came under his notice during a recent tour in the East would 
he of interest to the members of the Institute. 

We who live in this modern Western world are apt to 
pride ourselves that we have all tho knowledge on this 
subject of metallurgy, but the facts presented in this paper 
show this assumption to be incorrect. Whilst information 
available from the East regarding iron of ancient production 
is fragmentary, yet undoubtedly a comparatively high state 
of metallurgical art and knowledge must have prevailed, not 
only conturies but more than a thousand years ago 

The author has taken advantage of the opportunity afforded 
to make w’hat he hopes will provo an addition to our know¬ 
ledge, and trusts the information submitted will prove to be 
of interest. 

* The term “ Sinhalese " is explained a* follows ly Dr. S. M. Burrows, M.A. In his 
book. " Burieil Cities of Ceylon " 

*• In *.c. MS. Wijiyo and hi. Sinhalese followers landed in Ceylon, possibly near the 
modem Putlalam on the west coast. He is said to have been the discarded son of one 
of the petty princes in the valley of the Ganges, w bile the native chronicles etspUui the 
name of his race by tracing his paternity to a lion—' Sinha.* •• 
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This is not the first paper which lias been read on this sub¬ 
ject. One hundred and seventeen years ago—to be exact, on 
June 11, 1795—I*r. George Pearson, a Fellow’ of the Royal 
Society, read a paper entitled “ Exj>erinients and Observations 
to investigate the Nature of a Kind of Steel, manufactured at 
Bombay, and there culled Wootz, with Remarks on the Pro¬ 
perties and Composition of the different States ol Iron- 

The author is greatly indebted to the Royal Society for 
permission to make use of l>r. Pearson s paper, its well as of 
his own paper recently communicated to that Society. 

It was the author’s good fortune during his recent tour 
round the world, to visit the Colombo Museum and inspect a 
sot of ancient specimens of iron and steel which were obtained 
from some of the buried cities of Ceylon. Those cities date 
back from about 500 B.c„ and since then have had a more 
or less continuous history as habitable by human boings; the 
history of some of them continued up to about 1500 A.D. 

This collection, which was formed quito reoeutly, and has 
not been previously known or described, was lighted upon 
quite by chance, and was the find of an otherwise idle day. 
It is a fascinating collection of ancient specimens anti instru¬ 
ments of iron, and is in many respects absolutely unique. 
The author met the then Director (April, 1910) of the 
Museum, Dr. Arthur Willey. F.R.S., and was afforded every 
facility for examination. Finnlly, through the kindness of 
his friond, His Excellency the Governor-General of Ceylon, 
Sir Henry MoCallum, to whom grateful acknowledgment is 
here made, he was accorded the privilege of having placed 
at his disposal a few of the specimens for investigation It 
seemed to the author that an account of the research carried 
out on these specimens might form an appropriate sequel to 
the interesting paper to the Royal Society by Dr. Pearson on 
•* Wootz" steel, a century ago. The matter has been made 
tho subject of special reference in the annual report of Dr. 
Willey, and much interest has been aroused. The author 
believes that tho research which has been carried out yields 
information which has not previously been available on the 
subject of iron ami steel specimens of known ancient origin 
in fact, he has not been able to find in previous publications 
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any complete and authentic analyses accompanied by uiecha- 
nieal tests and photomicrographs showing the structure of 
such material. 

Not only does the Colombo Museum contain this large 
number of interesting specimens of ancient tools and imple¬ 
ments of various kinds—some 250 iu number (these are 
shown in Plates X. to XIII. accompanying this |>upcr)—but 
in another section of its exhibits are shown several swords 
of more modem date, bearing the dates of the years 1374 
and 1416 A D , with Sinhalese legends iimcrilmd upon them. 

To those interested iu the metallurgy of iron and steel, this 
collection of ancient iron and steel specimens ap|>cals as being 
without doubt the most complete and unique in the world. 
There is probably nothing at all like or approaching it in any 
other museum or private collection. 

The following is Ur. Willey's description of the specimens 
sent to the author from the Colombo Museum for the purposes 
of this research :— 

1. Museum specimen, No. 138, steel chisel from Sigiriyu, 

of the fifth century A.D., length 10 inches. 

2. Museum specimen, unnumbered, ancient nail (pointed 

ond broken oft*), 131 inches long, probably also from 
Sigiriya. of the same date as the chisel, hut the 
particulars are lost. It is, however, certainly very 
ancient, and is typical of a special class of imple¬ 
ments found in the ruined cities of Ceylon. 

3. Native bill-hook or “ kelta," just as it came to hand 

from Uumbara, near Kandy, the headquarters of much 
modia.-val native work. 

In this paper it has Ikjou attempted to deal only with 
specimens of iron of undoubted antiquity. With the modern 
manufacture of Sinhalese and Indian steels, it is undesir¬ 
able to deal at the present tuna It may be mentioned 
however, that owing to the kindness of His Excellency 
the Governor-f«eneral of Bombay, Sir Georgo Clarke a 
number of specimens of Indian iron and steel, not of ancient 
origin but made in comparatively recent times, were obtained 
at considerable trouble and furnished to the author, and arc 
also under examination. If these prove of interest, a report 


OF ANCIENT ORIGIN. 


137 


upon them will be submitted Liter. The author takes this 
opportunity of thanking Sir George Clarke, also a number 
of the Residents in the provinces of Mysore, Gwalior, 
Hyderabad, and Calcutta, who have been at so much trouble 
in obtaining these various specimens and furnishing detailed 
particulars of how they were produced. 

With this preface the author will now refer to the causes 
which led to his own investigations and research. Whilst 
there is often an impression that the use of iron, including in 
this term the alloy of iron and carbon known :is steel, is a 
modern development, this is probably incorrect, as without 
doubt such knowledge really dates back to the earliest stages 
of tradition. For several reusons, and, notably, owing to the 
avidity of iron fur the oxygen present in the air. it has been 
difficult to obtain ancient specimens of this material, more 
particularly in the form of steel. It is for this reason that 
the Sinhalese specimens in question are so valuable, for there 
exists but little definite evidence as to the period when iron 
and steel were first employed by man. 

There is a reference in the report of tho Director of tho 
Colombo Museum to the fact that iron implements are very 
liable to rust oven in the atmosphere of Ceylon with its con¬ 
stant high temperature, and even after having been cleaned 
and impregnated with paraffin wax by Krefting’s method. 
Rust preservatives are therefore used in the Museum from 
time to time as rust appears; the simplest way has been found 
to give the specimens a coat of the alx>ve varnish. 

The importance of this subject was recognised by Dr. Willey 
at the time of the authors visit to Ceylon, and in his report 
above quoted he expressed tho hope that more of the long 
steel stone-cutting chisels would be found during the course 
of the Archeological Survey operations, so that further 
examination could be made. It was also stated in the 
report that the ancient Indian method of making steel in 
clay crucibles seems to bo identical with the method thought 
to have been invented in England in the middlo of the 
eighteenth century. 

Another reason which caused the author as a metallurgist 
to be specially interested in these Sinhalese specimens was 
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LhiU during his tour iu the East he first visited Egypt, and 
an inspection there of the wonderful works in stone raised 
questions in his mind as to the method and tools with which 
these memorials in stone were hewn to shape. 

It has been asserted that the Egyptians knew how to harden 
copper so that it could Ihj made to take and keep a cutting 
edge under the severe working stresses to which the tool 
must have beeu subjected in order to produce the hundreds 
of thousands of forms now to be seen in tho Nile Valley from 
Cairo to Khartoum or beyond, over a distance of some 2000 
miles. Such work must have involved the labours of im¬ 
mense uutnbors of stone masons, who would require tools. 
The author is strongly of opinion that no method of harden¬ 
ing copper was then known which would produce tools having 
a hard cutting edge, or which were at any rate at the same 
time tough enough to stand the severe impact blows such as 
stone-cutting work required. Copper alloyed with other 
elements can be hardened, as was recently evidenced in a 
paper read by Dr. Itosenhain and Mr. Lantsberry before the 
Institution of Mechanical Engineers. During the course of 
tho discussion on tho paper it was stated that a turning tool 
had been mado which had cut iron. The author is of opinion, 
however, that such a material made up into chisels, wedges, 
and the like would be of little value for hewing to shape 
and finishing the gigantic works in stone of tho Egyptians. 

It is far more probable that the aueient Egyptians were not 
only able to make steel for tools of all kinds, but also to 
cement and harden it, or, if they wore not themselves steel 
workers, they obtained the necessary material and help from 
the workmen of another nation. There is indeed evidence 
that such was the case, and the facts available suggest that 
in the art of steel-making Egypt received assistance from 
India or China. There are. it is true, but few specimens of 
iron or steel tools or implements in and from Egypt. There 
is, however,a scytlio of iron in the Hritish Museum; examina¬ 
tion shows it to be in such an oxidised condition that it is 
not possible to say definitely what is the nature of tho 
material, although it is undoubtedly iron. This Boythc, 
which the author has seen and handled, is so thin and 
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corroded tlmt it would almost fall to pieces unless most 
carefully dealt with. There is also an important specimen 
of iron taken from the Great Pyramid. In determining this 
general question as to the use of steel by the Egyptians, 
it should be remembered that there are several ways of 
endowing iruu with the quality of hardening — that is, after 
heating and quenching it in water, or other cooling medium. 
The material ordinarily termed wrought iron can be made to 
acquire or take up carbon by cementation. This process is 
still largely carried out in Sheffield, principally upon bars 
which are by these means carburised with required varying 
percentages of carbon. These bars are chiefly made for the 
purpose of afterwards being melted into crucibles to produce 
the highest and purest qualities of steel. Such cemented 
steel, or “ blister " steel, is in some cases directly worked up 
into tools having cutting edges, and is then termed bar steeL 
This aspect of the case is referred to because even if ancient 
specimens of highly carburised steel are not available, it must 
be remembered that wrought or forged iron itself can be 
cemented or carburised, or the edges of tools can be so treated. 

There is reason to believe that this knowledge, although 
in a crude form, was possessed by ancient workers in iron. 
Such methods may probably be regarded to a certain extent 
os " case-hardening.'’ In such process the surface of the 
material to be treated must havo been placed in a gaseous 
medium, or in a medium of charcoal or other pure form of 
carbon, then heated, and the surface carburised to tho desired 
extent and depth. Such material, when again heated and 
quenched, would carry u cutting edge. 

Somewhat singular to say, this knowledge appears to have 
been possessed and to bo proved in an interesting manner 
by one of these Sinhalese specimens which tho author has 
examined, namely the chisel (Experiment No. 2252), which 
is proved to have its edges cemented or carburised. Under 
the section devoted to the description of these experiments 
will be found full particulars of this remarkable chisel, to¬ 
gether with photomicrographs, analyses, and the results of 
mochanical anti other physical tests. 

Tho other and chief method of producing “ cast steel ”— 
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that is, an alloy of metal with carbon varying from al-out 
0*50 to 180 per cent., is of course by direct fusion of bar iron, 
or, in the case of a steely iron made in the manner just 
referred to. in a closed receptacle or " urucible. To accom¬ 
plish this required u high technical knowledge, for it is not 
merely necessary to obtain the requisite quality of bar or 
melting iron, practically free from or very low in sulphur and 
phosphorus, but there has also to be solved the equally 
difficult problem of preparing a receptacle or crucible to 
withstand handling at the high temperature required to 
fuse the materials being melted, and also the intense heat 
to which it is subjected without itself fusing. It is interest¬ 
ing to observe that in the Colombo Museum clay crucibles (of 
modern manufacture, it is true) can be seen, but apparently 
the same method has long lieen known and practised in 
the East. Therefore our modem belief that such method 
originated in Europe is probably not correct. 

As before mentioned, the specimens in the Colombo Museum 
were taken from the mins of some of the buried cities of 
Ceylon, and in view of the importance of the collection, the 
author instructed Messrs. Plate, the excellent photographers 
in Colombo, to prepare for him the photographs of tho speci¬ 
mens which accompany this paper. 

The names of the buried cities in question are—Anuradha- 
pura, 437 rc',-769 a.d. ; Polonnnruwa, 769 A.D.-1319 a.d.; 
and Sigiriya, 479 a.d. 

An interesting paper on tho ruins of Sigiriya apjMjnrs in the 
Koyal Asiatic Society’s PnemUnyi, vul. viii., 1876. 

Tho articlos in each photograph are numl>cred and accom¬ 
panied by u tabulated statement describing the specimens, also 
stating from which of the ruins of the buried cities in Ceylon 
they were taken. No less than about fifty different articles are 
comprised, including those for agricultural implements, cutting 
instruments, tools for building and other trades, warlike imple¬ 
ments, and general articles. 

Whilst the Sinhalese temples and monuments are of much 
later date than those of Egypt, nevertheless, in view of the 
metallurgical knowledge which was evidently posesssed at a 
very early period in India and later in Ceylon, it is quite 
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clear that the knowledge then prevailing in these matters 
must have been considerable. There is no evidence that the 
metallurgy of iron was understood in Egypt; it seems more 
than likely, therefore, that, as has been suggested by several 
authorities, aid was obtained by the Egyptians from the Far 
East—no doubt India or China, whenco there was u constant 
stream of trade and commerce. They were thus enabled to 
carry out their many wonderful works in stone, including 
temples, pyramids, statues, obelisks, sarcophagi, sculptured 
walls, figures, tombs, steles, and the like, many of them pre¬ 
pared from the intensely hard Assouan granite, also red and 
black granite, quartz, porphyry, limestone ami sandstone. 
Some of the hieroglyphics have been found cut to a depth 
of no less than 2 inches. To carry out such work would 
require tools of excellent quality. 

As will be seen by tho figures in Flutes X. to XIII., there are 
several hundreds of these ancient iron specimens. They com¬ 
prise large and small chisels, including stone-cutting chisels, 
nlmut 2?, inches in length and ^-inch in diameter, axes, adzes, 
hoes, wedges, scissors, locks, keys, and many other articles. As 
regards the age of the specimens. Dr. Willey, F.R.S., the then 
lfirector of the Colombo Museum, states that this is vouched 
for by those thoroughly competent to make the statement, and 
that the specimens ore 1200 to 1800 years old. They are in 
u remarkably good state of preservation, and many of them 
being quite bulky offer much bettor scope for examination 
than anything of the kind the author has ever seen or heard of. 

When considering tho origin and nature of these specimens, 
it should lie borne in mind that the “ Veddas,' the almriginal 
hunting caste or hill tril»e of Ceylon, were of very poor in¬ 
tellect, ami it is extremely doubtful whether the high order of 
knowledge necessary to produce steel, and particularly steel 
by tho crucible process, could have been possessed by them. 

Ceylon is, however, from tho ethnological point of view, 
practically an integral part of India, lho distance lietwoen 
the two countries is so smnll that it is shortly to be spanned 
by rail. There seem, therefore, good grounds for the assump¬ 
tion that the requisite skill and knowledge required for steel¬ 
making probably reoched Ceylon from India 
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HKCTION B. 

Opinions hy Various Authorities with regard to the 
so-called Iron and Bronze Ages. 

In a most excellent sketch of the history of iron in his 
“ Metallurgy of Iron and Steel ” (1864), Dr. John Percy, F.R.S., 
stated, as the author has already pointed out, that iron is so 
rapidly corroded and wasted away by the oxygen of the air, 
even in dty climates, that it is not to be wondered at that only 
few ancient specimens have remained preserved. 

l)r. Percy also believed that from metallurgical considera¬ 
tions it is not unreasonable to suppose that the so-called Age 
of Iron preceded the Age of Bronze, or, if not, was concurrent. 
The metal of the latter age required more skill to produce 
than iron, whose process of production in its simplest forms is 
not so difficult. As Dr. Percy points out, if a lump of red or 
brown hiematite bo heated for some time in a charcoal fire, 
well surrounded by or embedded in the fuel, it will be more or 
less completely reduced so as to ndmit of being easily forged 
at u red heat into a bar of iron. 

Singular to say, the author cannot find even one analysis of 
an ancient iron specimen by Dr. Percy, whose eminence in the 
metallurgy of iron and steel during the last generation was 
renowned, thus showing that specimens of such material were 
indeed mrir nvm. The author therefore believes that the 
ancient specimens now described for the first time represent 
an accurate analysis of ancient iron, in this case made about 
1400 years ago. They also probably represent the tyjte of 
material produced at a much earlier date. 

Mr. St. John V. Day’s "The Prehistoric Dse of Iron and 
Steel." published in 1877, and Bock's Gwhirhtr dts Nuen* 
(1903). in fivo volumes, covering no less than nhout 6000 
pages, are both remarkable Isioks on iron and steel in reference 
to their past history. 

Day l*elieves, with Dr. Percy, that the use of iron has a very 
ancient origin, and precoded the so-called Bronze Age. Day 
says •' that the earliest of substances with which man was 
acquainted was unquestionably iron, and almost certainly 
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steel; . . . and that this is true whether we look to Egypt, 
Babylonia, or Proto-Chaldea and Assyria, on the one hand, 
or China on the other." 

Day points out that iron has been discovered in the Great 
Pyramids, the oldest buildings known to uieu. 

Lepsius, an Egyptologist of the highest rank, says that, 
“ considering the frequent working of granite in large masses, 
which can bo proved near the fourth Mancthoiu dynasty, it 
cannot well be doubtful that since that time, and indeed 
earlier, iron and the hardening of it were known.' 

Many tablet pictures show workers wielding tools which 
could not very well be those other than of iron or steel, 
and Maspero, in the interesting recent correspondence with 
Osmond referred to in this paper, admits the wall pictures of 
Egypt show workers handling tools which were surely of iron 
or steel. 

Dr. Percy therefore seems fully justified wheu. in writing 
to Mr. Day. ho makes the following important statement:— 
“ I become more and more confirmed in my opinion that 
archeologists have been generally mistaken concerning the 
so-called Iron Age. I am collecting further information on 
the subject from time to time, and as yet have met with 
nothing in opposition to the opinion above mentioned 

Professor Max Muller, so Day points out, stated that ‘ in 
tho Homeric times knives, spear points, and armour were still 
made of copper: and we can hardly doubt that the ancients 
knew the process of hardening that pliant metal, most likely 
by repeated smelting and immersion in water.” 'Hie author 
quite agrees with Day that such a statement on the face of 
it cannot be correct, for copper is not hardened by immersion 
or cooling in water, but, on the contrary, it is softened. More¬ 
over, no one has yet been able to harden copper in the manner 
that iron does when combined with carbon. If such an art 
had been known, it is difficult to imagino that the knowledge 
would have been entirely lost; it would havo been too valu¬ 
able. The world has yet to discover a method of hardening 
copper, in the sense of producing a material which can be 
compared with hardened, steel. Alloys of copj»er with tin 
and other elements ore well known, but their qualities render 
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theiu unsuitable for purposes where iron and steel are 
used. 

In the same manner Day, rightly the author thinks, took 
the late Right Hon. W. E. Gladstone to task with regard to 
his laborious investigation of the Homeric epic, when announc¬ 
ing " the age of copper is the first and oldest of the metallic 
ages, which precedes the general knowledge of the art of 
fusing metals.” Day gives good reasons for his opinion, with 
which it is not possible adequately to deal here. The reader 
is referred to Day’s most interesting and valuable work, and 
to a useful paper by the late Secretary of our Institute, Mr. 
Bennett, H. Brough, on "The Early l T ses of Iron," in the 
Journal of Ike Iron and Sterl Instil ait, 1906, No. I. p. 233. 


SECTION C. 

Remarks on the Paper Communicated in the Year 1795, 
bv Dr. Pearson, F.K.S., to the Royal Society, on 
Indian Wootz Steel. 

Before dealing in detail with the .specimens examined in 
this research, reference may be made to the salient points of 
Dr Pearson’s paper previously mentioned. The specimens of 
** Wootz” steel described by him. which were stated as being 
sent over by Dr. Scott of Bombay in 1795, were not claimed to 
be of ancient origin, but apparently represented steel which was 
being manufactured in India at that time—that is, the closing 
years of the eighteenth century. It is not perhaps surprising 
that, notwithstanding Dr. Pearson’s paper, no record was then, 
or even until much later, made available as to the composi¬ 
tion of “ Wootz ” iron or steel. This is quite natural, us it 
is only within the last twenty-five or thirty years that really 
reliable and accurate methods of chemical analysis have been 
made possible to the worker in this field of metallurgical 
research. In this connection the author well remembers the 
fact that about thirty years ago his father one day showed 
him, as a great achievement, a certified analysis of a specimen 
of steel. In that analysis, for which a fee of fifteen guineas 
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hud been paid, five elements hud been determined, probably 
most of them not very correctly — at all events as compared 
with the accuracy possible at the present day. That was but 
a generation ago. It is now possible, at very small cost, to 
obtain complete and accurate analysis of the composition of 
iron and steel, not only of simple types, but of the most 
complex compositions. It Is impossible, therefore, to with¬ 
hold our admiration of the work of the chemist, which in a 
comparatively few years has led to this great advance in 
methods of analysis, whether as regards accuracy, rapidity, or 
low oost. 

As a proof of this it may be interesting to here mention 
that the author has beeu informed by ono of the very able 
directors of Messrs. Krupp, Dr. Ehrensberger, who has done 
so much to advance metallurgical knowledge in Germany, 
that in 1910 the total number of analyses carried out 
in their laboratory was no less than 41G.728. His 
own firm carried out in the same year a total of 39,053 
analysea Therefore, in the metallurgical world there must 
now be made many millions of analyses in each year. 
Even but a generation ago such a possibility was hardly 
dreamt of. 

Although the chemical composition of tile “ Wools ” steel 
in question was not put on record. Dr. Scott, who forwarded 
the specimens to Dr. Pearson, describes these as “ admitting 
of a hauler temper than anything known in that part of 
India; that it is employed for covering that part of gun- 
locks which the Hint strikes, that it is used for cutting iron 
on a lathe, for cutting stones, for chisels, for making files, 
for saws, and for every purpose where excessive hardness is’ 
necessary.” Also that it “cannot hear anything beyond u very 
slight red heat, which makes it work very tediously in the 
hands of smiths." It is added that it “ could not be welded 
with iron or steel, to which therefore it is only joined by 
screws and other contrivances." Dr. Scott also pointed out. 
that “ when working, if heated above a slight red heat, part 
of the mass seems to run, and the whole is lost, as if it con¬ 
sisted of metals of difi’erent degrees of fusibility." “ Working 
with Wootz is so difficult that it is a separate art from that 
1912.—L K 
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of forging iron **; and “ the m&gnetical power in an imperfect 
degree can be communicated to this substance." 

Dr. Pearson further describes the specimens received by 
him as being in the shape of a round cake of about 5 inches 
in diameter and 1 inch in thickness, and weighing about 2 lbs. 
He slated that “ under the tile I found Wootz much harder 
than common bar steel not yet hardened, and than Huntsman's 
cost steel not yet hardened." 

This reference to Huntsman’s steel, which has been the 
subject of several papers by the author before the Iron and 
Steel Institute and other technical bodies, is very interesting, 
and indicates that the work of Huntsman was well known 
at that date, 1795. Dr. Pearson's paper contains a table 
giving the specific gravity of Wootz and several other speci¬ 
mens of steel and iron, in which it was stated that the specific 
gravity of these Wootz specimens varied from 7’16t5, quenched 
while white hot, to 7*047 in the forged condition, and that 
this compares with a specific gravity for Huntsman’s steel 
of 7‘771 in the hardened condition to 7*916 hammered. 
Reference is also made in the paper to the assistance given 
in forging Wootz by “ that ingenious artist Mr. Stodart." It 
is not a little flattering to metallurgists to note that an expert 
worker of steel was mentioned in such terms, the description 
“ artist ” occurring several times in the paper. It may be 
hero mentioned that it is probable Dr. Pearson’s co-worker 
was the same Mr. Stodart who many years later assisted 
Faraday in preparing and investigating a largo number of 
steol alloys. Although there was nothing very definite ol>- 
tainod from the experiments, they are most interesting, and 
will be found fully described in Philosophical Transaction*, 
cxii. p. 253. 

Naturally, owing to the then incomplete knowledge of 
special steels and of analytical methods, the results were 
incomplete, but nevertheless valuable as pointing the way. 

Thus oven at that early period the importance of develop¬ 
ing steel alloys made an appeal to the master mind of Faraday, 
although the actual accomplishment of his ideas was deferred 
for another sixty yoars. Tho first systematic presentation of 
a steel alloy research was probably that dealt with in the 
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paper presented by the author to the Institution of Civil 
Engineers in 1888, entitled "Alloys of Manganese and Iron," 
in which a complete correlation of method of manufacture, 
composition, analysis, physical properties, and mechanical and 
electrical tests were set forth. 

In the paper referred to by Dr. Pearson will be found an 
account of an elaborate research as to the “ Effects of Fire and 
Oxygen Gas Conjointly,” “ Experiments with Diluted Nitrous 
Acid," also with “ Diluted Sulphuric Acid.” Much time and 
attention were given to determining the nature of the gas 
obtained from the Wootz so dissolved. It is very curious 
to note the exceedingly painstaking character of the attempts 
made to reaoh conclusions, which, of course, could not then 
be verified for want of the requisite scientific and technical 
knowledge. Probably the chief want was the chemist to 
whom metallurgists owe so much for the first advance 
in true and accurate metallurgical knowledge. Dr. Pearson 
estimated the "quantity of carbon in tho Woo tz and steel 
to be nearly equal; and that quantity to be about one- 
third of the hundredth part, or urn of the weight of these 
two substances." whatever may have been meant by that 
statement. As an illustration of the extraordinary opinions 
which then found acceptance from men in responsible posi¬ 
tions. and who must be assumed to have hail the advantage 
of the best scientific and technical training of the day, Dr. 
Pearson states that from some of the solutions so obtained 
he observed there was ** a deposition of white matter and 
formation of green crystals in a liquid.” The green crystals 
were obviously those of sulphate of iron, and the white matter 
was the siderite of Bergman, which is now believed to be 
phosphate of iron. It is curious to note, as showing to 
what lengths investigators of that day were driven for an 
explanation of the properties of steel, that Dr. Pearson says: 
“ Common steel which is all made by cementation, is very 
malleable when white hot, only perhaps because it contains 
iron which has escaped combination with carbon." 

Dr. Pearson concluded by saying that tho Wootz steel which 
lie examined must have been made directly from the ore, and 
that it had never been in tho state of wrought iron. The 
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author refers to this in connection with facts he brings before 
the Institute with reference to the specimens of ancient steel 
obtained in Ceylon, which appeared to be rather of the nature 
of wrought iron than steel, although some of the specimens 
appear to have been cemented. 


SECTION D. 

Heath and Others ox ** Indian and Sinhalese 
Iron and Steel.” 

As bearing upon this subject of Indian metallurgical 
knowledge in 1837 and 1839, Mr. J. M. Heath contributed 
two interesting papers on Indian steel to the Royal Asiatic 
Society, referred to in the Bibliography accompanying this 
paper. Although the specimens described by the writer in 
this paper are not 11 Wootz ’ steel, but rather a species of 
wrought iron, it may bo interesting to mention that Mr. Heath 
says this term “wootz” or “oots" is probably tho name for 
steel in the Guzerattee language in use at Bombay. 

Mr Heath was, it appears, one of the directors of the 
Indian Iron and Steel Company, but left India to return to 
England in 1837. This fact is referred to because of Mr. 
Heath’s important connection with the development of steel* 
making in Sheffield about that time, and a little later, whore 
he introduced the use of black oxide of manganese in steel 
manufacture. About this discovery of Heath’s it will be 
remembered there was afterwards a famous litigation. The 
author regrets to say Heath suffered much monetary loss, 
though no doubt ho was largely entitled to the credit of this 
great improvement, which was tho first appreciation of the 
importance of manganese in steel manufacture, 

Heath, in the two papers read before tho Royal Asiatic 
Society in 1837 and 1839 with regard to Indian steel, offered 
much interesting information. The author's views entirely 
coincide with those expressed by Heath nearly three-quarters 
of a century ago, namely, that the great works of stone in 
Egypt were undoubtedly carried out by means of iron and 
stool tools. 


or ANCLE XT OKIOIX. 


149 


Heath's remarks are so interesting that the author quotes 
them in full as follows:— 

'* The antiquity of the Indian process is no less astonishing 
than its ingenuity. We can hardly doubt that the tools with 
which the Egyptians covered their obelisks and temples of 
porphyry and syenite with hieroglyphics were made of Indian 
steeL There is no evidence to show that any of the nations 
of antiquity besides the Hindoos were acquainted with tho art 
of making steel. The references which occur in tho Greek 
and Latin writers on this subject served only to better their 
ignorance of it; they were acquainted with the qualities and 
familiar with the use of steel, but they appear to have been 
altogether ignorant of the mode in which it was prepared from 
iron. The edges of cutting instruments of the ancients were 
all formed of alloys of copper and tin, and we are certain that 
tools of such an alloy could not have been employed in sculp¬ 
turing porphyry and syenite. 

“ Quintus Curtius mentioned thnt a present of steel was 
made to Alexander of Maoedon by Porus, an Indian chief 
whose country he had invaded. We enn hardly believe that 
a matter of about 0 lbs. weight of steel would have been con¬ 
sidered a present worthy of acceptance of the conqueror of the 
world had the manufacture of that substance been practised by 
any of the nations of the West in the days of Alexander. 

“ In view of tho maritime intercourse between Egypt and 
the East, it appears reasonable to conclude that the steel of 
the South of India found its way by these routes from the 
country of Porus, to tho nations of Europe and Egypt.” 

Heath stales, therefore, that “ the claims of India to a 
discovery which has exercised more intluenco upon tho arts 
conducing to civilisation and the manufacturing industry than 
any other within the whole range of human invention is alto¬ 
gether unquestioned." 

In his papers, Heath also points out that Dr. Buchanan's 
"Travels in tho South of India,” published in 1807, contains 
very minute anti correct accounts of the nutive process of 
smelting iron and making it into steel, this process probably 
representing practice handed down from previous ages. The 
book is illustrated by engravings. 
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Further reference is made to Dr. Heyn’s “ Tracts on India,’ 
published in 1814. This book also contains an account of these 
processes, together with a very interesting letter from Mr. 
Stodart upon the quality of Indian steeL 

Without doubt, therefore, the processes of making iron and 
steel have been used in India for many.thousands of years. 
Probably the ancient specimens seen by the author at Colombo 
were not produced by the crucible process, but that the crucible 
process has boon used in Ceylon for a long period of time may 
be taken as established. 

This would also carry with it the proof that while the 
Huntsman process was novel as regards application in Great 
Britain, aud of course worked out on a more practical and 
oommercial system than the methods of the East, yet it was, 
after all, only a development of methods, or an independent 
comparatively modern discovery of methods, long employed 
in India. It may, therefore, easily have been tho case that 
the ancient Egyptians were familiar with Indian iron and steel, 
and either imported the material or obtained the services of 
Indian workers in metals to produce the necessary material 
for the tools employed on the great stone monuments. There 
are those who think the Egyptians obtained help in the metal¬ 
lurgy of iron and steel from China, and in some cases from 
nearer home, Assyria. The chain of evidence at least appears 
to be complete, that the knowledge of how to produce and 
work iron and steel had been acquired in times of antiquity. 
Heath, therefore, probably rightly claims in his paper referred 
to that the Hindoos had been familiar with the manufacture 
of stool from time immemorial, and he hold tho same opinion 
as the author that the stone works of Egypt could only have 
been carried out by tools of iron probably of cemented or 
hardened steel 

Other evidence of the knowledge of iron possessed by tho 
ancients may be cited. Dr. Ananda K. Coomaraswamv, D.Sc., 
who was, until a fow years ago, the principal mineral surveyor 
in Ceylon, has written a valuable and interesting book on 
“ Medieval Sinhalese Art" In this work he deals, amongst 
other matters, with metal work—iron, brass, copper, and 
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bronze, gold and silver, jewellery. Ho states that the know¬ 
ledge of iron is of great antiquity in Indio. Its uso was 
certainly well known in the Vedie period, ami it is constantly 
mentioned in Vodic literature. There is also abundant 
evidence that the ancient Hindoos were not only skilled in 
manufacturing steel and iron, but in working these products, 
nnd in tempering steel. It is claimed, indeed, that Damascus 
blades were fashioned from Indian iron. The word “Ondaniquo” 
of Marco Polo’s travels' referred originally, as Colonel Yule 
has shown, to Indiau steel, the word being a corruption of the 
Persian “ Hundwaniy.” The same word found its way into 
Spanish, in the shapes of alhinde aud aljiiu/e, first with the 
meaning of steel, and then of a steel mirror, and finally of the 
metal foil of a glass mirror. The ondaniquo of Rinnan, which 
Marco Polo mentions, was so called from its comparative 
excellence, and the swords of Kirman were eagerly sought 
after, in tho fifteenth and sixteenth centuries, by the Turks, 
who gave great prices for them. Arrian mentions steel as 
imported into the Abyssinian ports; and Salmasius mentions 
that among the surviving Greek treatises was ono “ On tho 
Tempering of Indian Steel." 

The knowledge here recorded must have filtered through 
from India to Ceylon. 

Dr. Coomaraswamy, in the work above-mentioned, gives a 
very interesting summary and various evidences of ancient 
Sinhalese iron and steel manufacture. The book also contains 
an analysis of the hematite iron ore deposits, aud a descrip¬ 
tion of the method of iron smelting, including an excellent 
account of the Sinhalese method of making crucible cast steel. 
The author has personally seen in the Colombo Museum the 
clay crucible of modem origin made by the Sinhalese. 

The manufacture of this crucible cast steel by the Sinhalese 
is now, however, almost an extinct industry, a fact due to the 
operation of economic laws, as steel can be imported from 
Europe more cheaply than it can bo manufactured locally. 
From the standpoint of the history of the industry, the evidence 
produced on the subject of Indian and Sinhalese crucible 
working is of great interest Sinhalese steel is discussed by 
Dr. Coomaraswamy, and his description of researches on the 
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subject is accompanied by six most interesting photographs 
illustrating the manufacture of Sinhalese iron and steel. 
The photographs include an iron-smelting furnace, general 
view; iron-smelting furnace, bellows; furnace at work ; the 
bellows blower; steel furnace at work, and removing crucibles 
from steel furnace. These photographs form an excellent 
addition to our knowledge of the subject. For reasons pre¬ 
viously stated, it is obvious that the production of the 
crucibles themselves called for the possession of a high order 
of knowledge, and as it is probable that this method has 
l>eon in operation for several centuries, another proof is 
afforded that production of steel by the crucible process was 
not originated in England. It will be interesting for the 
purposes of comparison to give tho composition of a modern 
Sinhalese crucible steel, as this entirely differs from the mate¬ 
rial described by the author, which is really wrought iron. 

A sample of such steel has been analysed at the Imperial* 
Institute. Tho following was the composition of the steel:_ 

IVr Cm!. 


Carbon . . . . . . , .m 7 

Silicon ........ o-OT 

Sulphur.01)7 

Phosphorus ....... <rti2 

Manganese ....... niJ7 


Iran • *.. 

This specimen is referred to in Colonial Reports, p. 33 ; 
Miscellaneous, No. 37, Ceylon; Report on the Results 0 / the 
Mineral Sumy tn 1904—5, by Prufessor W. R. Dunstan, M.A., 
LLD., F.K.S., Director of the Imperial Institute. 

Dr. Coomaraswamy says that iron-smelting is still carried on 
at Hatarnbiige, near Balangoda, by men of low caste. The ore 
used is generally tho nodular hiemntite or Umonito, which 
arises as a decomposition product of the country rocks, and is 
widely distributed in small quantities. Before smelting, the 
ore is broken into small pieces, and roasted to drive off the 
water. The following is a typical analysis: silica, 9*14 p« r 
cent.; alumina, 9*85 per cent.; ferric oxide, 72*39 per cent.; 
ferrous oxide, 0*22 |>er cent.; moisture. 8*40 per cenL ; sulphur! 
nil; phosphoric anhydride, 0*05 per cent, (phosphorus, 0*022 
per cent.) Steel is made from the iron thus obtained, and 
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though the industry is no longer carried on, there survived 
at Alutmuvara, near Balangoda, two very old men who had 
been accustomed to prepare steel, and did so in order that 
Dr. Coomaraswumy might study the process and take photo¬ 
graphs. Specimens of steel and crucibles then prepared are 
now in the Colombo Museum. 

Mr. Henry Parker, F.G.S., in a contribution to the Royal 
Asiatic Society (reported in the Journal of the Ceylon Brunch 
of that Society, vol. viii., No. 27, 1884, p. 39) deals with dis¬ 
coveries at Tissamahnrama. In this contribution ho refers to 
jumpers or chisols, and mentions a stone-cutter’s tool, 5 inches 
long, mode of three-quarters iron and steel, with an edge 
1*8 inch long. 

Parker's discoveries also included part of an iron wedge, a 
small broken iron trowel, and two pioces of a long bar of round 
iron. Most of the chisels, particularly the carpenter's tool, 
belonged to the oldest series of remains. Ho adds: “From 
the largo number of nodules of kidney iron met with during 
the Ceylon exeavatious, it is to be presumed that the iron 
used for making the axes and other tools was smelted on the 
spot, probably by the smiths themselves. The iron is so 
nearly pure that this would present no difficulty, and the 
nodules could be picked out of the underlying decomposed 
gneiss or gravel, which is extremely ferruginous.” 

Parker states that the Kings of Ceylon roigned from Wijaya, 
543 u.c., onwards. 


SECTION E. 

Delhi and Dhar Pillars in India. 

One of the most notablo ancient specimens of iron is the 
famous Pillar of Delhi, 1 which is not the less interesting when 
we find it is slated that the city itself. " Imperial Delhi, the 
capital of all India,” os Sir Alexander Cunningham in 1864 
termed it, owed its name to this pillar. In the light of 
recent political events, this prophetic utterance is now an 

1 The author baa I tern in common icsunm with Mr. J. H. Marshall, r.M.G,, M.A., 
C.L.E., the Director licoml of Archirotogy in India, who hopes that it may be jiowiWe 
t<» furnish the author with specimen* of tiialeiial from the pillar Hv*!f, far research 
elimination. 
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actually accomplished fact, for on December 12, 1911, Delhi 
was made the capital of our great Indian Umpire. We have 
also this remarkable chain of circumstances. Delhi took its 
name from the very Pillar now described, the Hindoo term 
being “ Dhelli,” or unstable, as explained later on. At Delhi 
King George V., the first English monarch to be present in 
person, has been proclaimed Emperor in Dhurbar, and finall y, 
Delhi is now the seat and actual “ Capital of all India.” 

Ancient associations, historical and legendary, combine to 
invest Delhi with exceptional dignity in the eyes of both 
Hindoo and Mohammedan Indians. 

In the official Government despatches of last year, it was 
stated that “ Delhi is still a name to conjure with; it is 
intimately associated in the minds of the Hindoos with sacred 
legends which go baek even beyond the dawn of history." 

As shown in this paper, seeing that Delhi itself takes 
its name from the Iron Pillar, and that it is now the capital 
of our Indian Empire, with its three hundred millions of 
inhabitants, this particular article of iron is of more than 
ordinary interest to the members of our Institute. In view 
of its importance, what follows may therefore be of interest. 
There was formerly a plaster cast or model of it in the 
Victoria and Albert Museum in 1873. The author spent 
some time in trying to find this at South Kensington, but 
finally discovered that it was unfortunately destroyed during 
& fire in 1885, and has never been replaced. 

In the AirJuroloffual Surrey of India, p. 169 (four reports 
made during the years 1862-1865), Sir Alexander Cunning¬ 
ham, C.S.L, Ac., states that one of the most curious monuments 
in India is the iron pillar at Delhi. Whilst there ore many 
large works of ancient times in metal, for example the Colossus 
of Rhodes, the gigantic statues of the Buddhists, and others, 
these were of brass or copper, all of them hollow and built up 
of pieces riveted together, whereas the Pillar of Delhi is a solid 
shaft of wrought iron, upwards of 16 inches in diameter and 
22 feet in length, wolded together, although the welding is 
not altogether perfect. In any case, it was a very creditable 
piece of work for a metallurgist of at least 1600 years ago. At 
one time, owing to its peculiar colour or huo, it was thought 
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to be of ** mixed metal ” or even bronze, this belief probably 
arising from the curious yellow appearance of the upper part 
of the shaft, which Cunningham says he himself observed. 

He adds that he obtained a small fragment from the rough 
lower part of the pillar, which was submitted to Dr. Murray 
Thompson of the College at Roorkee for analysis, who informed 
him that the metal was “pure malleable iron of 7 66 specific 
gravity " Practically pure iron (99*87 per cent, iron) has a 
specific gravity of 7*8477. Therefore, the material of this pillar 
could not have been pure. Probably it was a somewhat inferior 
type of wrought iron, permeated with slag, and high in phos¬ 
phorus, like the Sinhalese specimens described by the author 
in this paper. Pure iron, having the specific gravity mentioned, 
would weigh 490 lbs. per cubic foot; the Delhi Pillar, with 
7*66 specific gravity, would weigh 477 lbs. per cubic foot. 

Cunningham points out that, in true Eastern language and 
hyperbole, the inscription upon the pillar says that “ The 
pillar is called the arm of fame of Raja Dhung, and the letters 
cut upon it are equal to the deep cuts inflicted upon his 
enemies by his sword writing his immortal fame.” 

The actual date of its first appearance is probably about 
A.i). 300. According to tradition, this pillar was erected by 
“ Bilan Deo," or Anang Pal, the founder of the Tomara 
dynasty, who was assured by a learned Brahmin that the 
foot of the pillar had been driven so deep into the ground 
that it rested on the head of Yasuki, King of the Serpents, 
who supports the earth. But the Rajah doubted the truth of 
the Brahmin’s statement, ordered the pillar to be dug up, 
when the foot of it was found to bo wet with the blood of the 
Serpents’ King, whose head it had pierced. Regretting his 
unbelief, the iron pillar was again raised, but owing to the 
king’s former incredulity, every plan now failed in fixing it 
firmly, ami in spite of all his efforts it still remained loose 
in the ground. This is said to he the origin of the namo of 
the ancient city of Dhili. which signifies “ unstable.” 

The Committee of the Iron and Steel Institute, in about 
the third year after its formation (1872, Vol. II. p. 156). 
made some special inquiries with regard to this pillar. It 
appears that Lieutenant Spratt, of the Royal Engineers, then 
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stationed at Delhi, stated the height of the column above the 
ground to he 24 feet, and the depth below ground 3 feet. 
He said that the column or pillar ends in a bulb like an 
onion, which is held in place by eight short thick rods of 
iron, on which it rests, and which at their lower extremity 
are let into blocks of stone, in which they are secured by 
lead. The iron of which the pillar is mode seems to have 
been originally in blooms of about 80 lbs. weight each. 

An excellent paper by Mr. Vincent A. Smith, M.R.A.S., 
Indian Civil Service, “ On the Iron Pillar at Delhi (Mihrauli), 
;uid the Emperor Candra (Chandra),” appeared in the Royal 
Asiatic Society’s Proceedings of 1897. 

There are several important inscriptions upon the pillar, 
a fuU translation of which appears in Smith’s paper above 
mentioned. These, notwithstanding the long exposure to 
wind and rain, are reported to be quito clear and sharp, as if 
no alteration had taken place sinco the pillar was first made 
and erected. 

It is stated that these iron pillars were probably used 
owing to the belief in the special power of this metal to 
counteract demoniacal influence. 

Miss Gordon Gu mmi n g , in her look •* In the Himalayas and 
on the Indian Plains.” says: * 4 1 must first tell you about an 
extraordinary iron pillar, which stands near the base of the 
Kootub, and to which the city owes its modem name. It 
stands 22 feet above ground; some have declared its base 
is 26 feet below ground; others maintain it only extends a 
few feet, and terminates in a bulb like a turnip." The latter 
was later on found to be correct, the exact dimensions of the 
pillar lieing—total length, 23 feet 8 inches, of which 22 feet 
are above and only 20 inches below ground; the upper 
diameter is 12J inches, the lower diameter 16^ inches: the 
total weight is id out 6 tons. 

Sir Alexander Cunningham’s statement that the length 
was not less than 60 feet was apparently based upon 
incorrect data. 

Miss Cumming goes on to say: - It is wrought like our 
finest metal, and shows no symptoms of rust, though it has 
stood here for many centuries. It boars an inscription in 
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Sanscrit, describing it as the ‘ triumphal pillar of Rajah Dhava, 
A.l>. 310, who wrote his immortal fame with his sword.' 
This, however, is the only record extant of his deeds. 
There are several other inscriptions on the pillar, but of 
more modem date. 

“ The Brahmin tradition is, that this pillar was erected in 
the sixth century, after the stars had pointed out the auspi¬ 
cious moment. It went so deep that it pierced the head of 
the serpent god Schesnag, who supports the earth. The 
priests told the Rajah that thus his kingdom should 
endure for ever. But, like a child gardening, he could not 
be satisfied till he dug it up again, just to see if it were so, 
and sure enough the end was covered with blood. Then the 
priests told him that his dynasty would soon pass away. lie 
planted tho pillar again, but the serpent eluded his touch, 
and tho pillar was thenceforth unsteady. So the priosts 
called tho name of the place Dhilli, that is, “ unstable,’ and 
prophesied all manner of evil concerning the Rajah, who 
shortly afterwards was killed, and his kingdom seized by the 
Mohammedans, and since then no Hindoo has ever reigned 
in Delhi. 

“ Nevertheless, the pillar is now firm as a rock, and has 
oven resisted the cannon of Nadir Shah, who purposely fired 
against it. The marks of tho cannon balls are clear enough. 
Hindoos believe that so long ns this column stands, the king¬ 
dom has not finally passed from them.” 

Tho author has been able to obtain several excellent photo¬ 
graphs of the pillar, one of which is shown in Plate XIV. In a 
photograph taken many years ago, no stono base or pedestal 
appears, moreover the stones in the neighbourhood of the 
pillar have been disturbed. This no doubt w T as caused by 
those who excavated to see the depth of the pillar below the 
surface of the ground. This, it appears, was carried out in 
1871 by Mr. Boglar. The photograph shows an interesting 
group of natives examining the pillar. The stone base appears 
to have afterwards been put in order. 

The iron pillar at Dhar or Dharii (the ancient capital of 
Malava, and thirty-three miles west of Indor), which was 
described by Mr. Smith in a paper to the Royal Asiatic 


158 HADF1XLD: SINHALESE IRON AND STEEL 

Society in 1898, had a total length of no less than 42 foot 
This is specially interesting owing to its extraordinary length. 
The three existing pieces measure 24 feet, 12 feet, and 6 feet 
in length, aggregating 42 feet, in addition to a missing 
fragment, so that if these figures are correct, the column is 
approximately double the height of the Delhi pillar. 

Mr. Smith rightly says: " Whilst we marvol at the skill 
shown by the ancient artificers in forging the great mass of 
the Delhi pillar, we must give a still greater measure of 
admiration to the forgotten craftsmen who dealt so success¬ 
fully in producing the still more ponderous iron mass of the 
Dhiir pillar monument with its total length of 42 feet, which, 
like the pillar at Delhi, is of the Gupta period, or about the 
year 321 of our Christian era.” 

There are also in existence in India several very large 
iron girders_at Puri, ornamental iron gates of ancient origin at 
Somnali, and a wrought-iron gun, said to be 24 feet in length 
at NuwirL 

The author has given a detailed description of these two 
pillars, as they form the only known ancient largo masses of 
iron in the world, so that they are indeed remarkable. But 
little more than a generation has elapsed since objects of this 
size and weight were made possible, even in our time. 


SECTION F. 

Remarks by Messrs. Osmond and Masp^ko 

The author has shown elsewhere in this paper that the 
ancient specimens now examined cannot be termed •• steel ” 
—that is, in the true sense of the word. They are practically 
wrought iron, though, as evidenced in the chisel, there is 
distinct proof that the edges of this specimen have been 
submitted to a carburising or comentntion process of somo 
kind. In this sense, therefore, the chisel may bo termed 
“ steel ’’—at any rate as regards such edges. 

Moreover, if the art of cementing or stcelifying articles of 
iron was known and understood, then with such knowledge 
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it would be quite possible to produce tools possessing excellent 
qualities, as the cutting edges could then be hardened by 
water quenching. If this was so, as appears to be the case, 
then wo can readily understand how the works of stone were 
executed in Egypt. 

Whilst upon this point, reference may bo made to some 
interesting correspondence the author has had with Mr. F. 
Osmond, the eminent French metallurgist. Some time ago 
the author asked Mr. Osmond if he knew of any specimens of 
ancient iron and steel in existence, and also whether he knew 
of any evidence in France as to the ancient Egyptians using 
iron and steel tools. He was, however, unable to point to 
such evidence, but made some inquiries in other directions, 
with the following result. 

These remarks by Mr. Osmond appear to bo worthy of 
giving in full, because they have most important bearing 
upon the question of the use of iron and steel by the ancient 
Egyptians, Moreover, they probably prove that the nature 
of the material used by tho Egyptians was iron of similar 
quality to that found in the aucient Sinhalese specimens 
obtained from the Colombo Museum, and upon which the 
present research has been carried out. 

Mr. Osmond communicated with the well-known Egypto¬ 
logist Mr. Maspdro in Egypt, that in reference to a note he 
(Mr. Osmond) had presented to the Academy on bronze 
work of prehistoric times, he had been told that during a 
certain conversation at a personal meeting between Mr. 
Maspcro. when he was in Paris, and Mr. Berthelot, that ho 
(Mr. Maspcro) had then said that antique paintings or draw¬ 
ings existed, and that these showed each stone-cutter had 
assistants at his side, whose business it was to repair or sharpen 
his tools. From this it appeared that possibly tempered steel 
was not then in use, and that tools were employed made of 
iron or bronze. 

Mr. Osmond then pointed out to Mr. Maspcro that he had 
received reproductions of paintings extracted from Monu¬ 
ment* ih FEfjvpte tt dr la Nubit (Taprts leu detain* tzSmMs 
mr let liciur sout la direction dc Chamjtollion It joint (Paris. 
’ 1845, Firmin Didot) which he thought showed that there 
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were sculptors and stone-cutters who did not appear to have 
assistants to repair their tools. 

Mr. Osuiond asked the following questions:— 

“ Where are the originals showing the stone-cutters with 
assistants ? If there are any reproductions, where can they 
be found ? Are the paintings or drawings showing the 
stone-cutters with assistants anterior to those reproduced 
by Champollion ? If this were the case it might be possible 
to tix the date of the introduction of tempered steel into 
Egypt. 

“ 1 have been induced to investigate these questions by my 
friend Sir Robert Hadtield, Fellow' of the Royal Society of 
London, who has recently obtained some interesting ancient 
specimens and documents relating to iron and steel production 
in Coylon." 

In reply. Mr. Maspero wrote (March 1911) that he had 
been unable to answer Mr Osmond's letter until after his 
return to Cairo. The following are Mr. Maspero's own words, 
which being bo interesting ore quoted in a-tenso :— 

Jo n’ai pu repondre A votre lettre qu’ apres mon retour au 
Caire qui a eu lieu il y a quelqucs jours seulement. Voici 
brievemont cc qu’il y a it dire sur la maticre. 

" 1. Ce quo je raeontais a M. Berthelot n’a pas t!te bien 
saisi; je parlais d’experiences faites par moi vers 1884 1885 
A Louxor. Pour me rendre comptc de la technique des 
sculpt curs Egyptians, j'avais command^ u un faussaire indigene 
de grande habilete une statue en granit de stylo egyptien. 
Assistant A la fabrication, j’ai constate qu’il employait pour 
tailler la pierre des pointes en fer doux emmanchccs de bois 
II en avait une cinqu&ntaine A sa disposition qu’il emmanchait 
au fur et A mesure des besoins. Chaque pointe s'emoussait 
apres trois ou quatre coups de moillet au plus; il la jetuit, en 
prenait uno autre, et im aide mettoit au feu, puis battait au 
marteau les pointes emoussves pour Ieur rendre leur tote. La 
statue a et«S faite—ou plutot le bustc, car olle ne va qu'au 
milieu de la poitrine—en trois surnames, A force d’user le fer 
et de le r&ftermir. A force d’etre frappees les pointes devenaient 
dune duroto tr»*s grande. 

Il n'y a pas dans les monuments do representations oil Ton 
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rencontre un sculpteur avec des aides de oe genre. C’est 
l’nsage modeme, et l’examen des pointes et ciseatix en bronze 
de nos musees m’a suggere I’idee que je viens de vous rappeler 
et que j’ai expose a M Berthelot. 

" 2. II n'y a rien ni sur les monuments ni dans los musses 
qui indique que les Egyptiens aient employe ou m£me connu 
lacier trempA” 

The following is a translation of Mr. Maspiro’s letter: — 

“ I was unable to answer your letter until after my return 
to Cairo, which occurred only a few days ago. This Is briefly 
what there is to he said on the subject. 

“ 1, What I said to Mr. Berthelot was not quite accu¬ 
rately reported; I was speaking of experiences of mine about 
1884-1885 at Luxor. In order to obtain an insight into 
the technique of the Egyptian sculptors, I ordered from a 
nativo copyist of great ability a granito statue in Egyptian 
style. Being present during the production of this statue, I 
observed that tho workman used for cutting the stono points 
of soft iron with wooden handles. He had some fifty of these 
at his disposal, which he placed in tho handle as he needed 
them. Each point became softened after three or four mallet 
strokes at the most. Ho then threw this away, took another, 
and an assistant put the softened points in the tire and then 
hammered them out to put a new head on them. The 
statue was made — or rather the bust, for it only represented 
a half figure—in about three weeks, all Lhe work being done 
practically, as one might say, by wearing out the iron and then 
restoring its punt by forging. By being hammered this point 
became very hard. 

" In tho monuments there are no representations where 
a sculptor is to be found with appliances of this kind. It is 
tho modem image—and by examining the broizo points and 
chisels in our museums, the idea was suggested to mu which I 
have just called to your attention, and of which I spoke to 
Mr. Berthelot. 

' 2. There is nothing either on the monuments or in the 
museums to indicate that tho Egyptians used or even knew of 
hardened steel.” 

As an observation on tho altovo, tho author would point out 
1912.—i. t. 
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that the ancient Sinhalese specimens now described—at any 
rate as regards the chisel—show distinct signs of cementation, 
so that a pointed chisel, by being heated for some time in 
the smith's hearth, or in some other manner, might become 
carburised, and therefore much harder at the point even if it 
was not quenched. It would, therefore, seem from the an¬ 
tiquity of the specimens which were obtained by the author 
from the Colombo Museum, that at any rate at least 1400 
years ago, chisels of iron, apparently with carburised or 
cemented edges, were known and in use. It is therefore very 
probable that the same knowledge existed in Egypt. 


SECTION G. 

Hardness Retentivitv ok Ancient Specimens of 
Iron anti Steel. 

The retention of the hardness of ancient specimens of iron 
and steel is dealt with by Dr. Cecil H, Desch in his recent 
interesting work on Metallography. 

Dr. Desch speaks of the phases retained by quenching being 
commonly spoken of as metastuble. He considered, howover, 
that whilst experimental proof had not been produced, we were 
liound to assume that the metastablo limit had been passed, 
and that the systems are correctly described as labile, not as 
metastable. Quenched specimens, therefore, tend spontane¬ 
ously to assume an equilibrium condition by undergoing the 
transformation which was suppressed by quenching. It is 
uncertain how r far the spontaneous change can proceed at 
ordinary temperatures. White tin. which is only stable nbove 
18°, does not change into grey tin at 0° unless brought into 
contact with the new phase, below 0 the change can occur 
spontaneously, although evon at low temperatures it may fail 
to occur whon the tin is kept for long periods. This would 
seem to indicate that the metastable limit for tin lies much 
below 0°. 

Dr. Desch considers that hardened steel is undoubtedly 
labile at the ordinary temperature; and the presence of the 
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stable phase is not necessary to initiate change. But there 
is little ovidence that softening of steel takes place spontane¬ 
ously unless the temperature is raised. Ho also states that 
•Japanese swords of the fifteenth century, when carefully pre¬ 
served, are found to be as hard at the edge as if newly 
hardened; it would, therefore, seem that no appreciable return 
to the stable state takes place in the course of several centuries 
at atmospheric temperatures. On the other hand, prolonged 
heating of hardened steel oven at lOO 3 produces an appreciable 
softening, and heating at 150°, in a few minutes. The whole 
question of labile and metastable conditions in undercooled 
solid alloys demands fuller investigation. 

1 he above statement by Dr. Desch is particularly interesting 
in regard to the present paper, because it show's that material 
of ancient origin, although found in soft condition, may really 
have originally beon quite hard. Thus, the edge of the 
anciont chisel, described in Experiment No. 2252, distinctly 
shows a defined structure in certain parts, differing from the 
other portion, apparently martensitic, ns if it had once been 
in the hardened condition, but by the efflux of time had 
gradually assumed the condition in which it was now found— 
that is soft. On the other hand, this particular chisel may 
not have been hardened, although the microstructure, by the 
presence of troostite. seems to indicate that this may have 
once been the case. 


SECTION II. 

Description of the Research Experiments. 

Details of the various specimens and an account of the 
research conducted, with the results achieved, muy now be 
given, these experiments being canned out by the author at 
the Hecla Works Laboratory and Research Department. 

Experiment iVb. 2252. — This was carried out upon the 
ancient Sinhalese chisel, being specimen marked No. 1 by 
^ dlcy, and shown in Fig. 1, Plate XV. This dates back to 
the fifth century. The specimen was very rough, but without 
scale, and hail an undulating surface, possibly due to unequal 
corrosion, and it is possible that the material was forged with 
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rough implements of stone. The chisel was about. 10 inches 
in length, and at the upper portion away from the edge about 
l-j^ inch square, [ [j inch by inch in the centre, tapering 
to a point as with modern tools. 


Table 1. — Composition. 


Carbon 

Silicon 

Sulphur 

Phosphorus 

Mjugancsc 

Iron . 


Per Cent, 
trace* 

O'12 
0 003 
0-28 
nil 
W8 


The difference represents slog and oxide. 

Specific gravity, 7 '6 9. 

Tensile Strength .—The Frcinont shear test showed 16 tons 
per square inch elastic limit, 26 tons per square inch breaking 
load. 

Shock Test .—The shock test, on un-nicked specimen, showed 
17 kilogrammes, with 85° bend before breaking. 

Hardness. —The Brinell ball test showod hardness numbers 
of 144 and 144 on the opposite side of the chisel. 

The scleroscopic hardness number was 35 . 

The fracture was unsound, apparently owing to the exist¬ 
ence of unsountlness or blowholes. The crystalline structure 
showed large sparkling crystals. The microstructure of the 
specimens shown on Plates XVIII.. XIX., and XX. brings out 
several points of interest. The transverse section shows that 
this chisel has been carburised, the section showing the car- 
lmrisod areas to be on two sides. The carburisation varies 
on the two faces from saturation point (0 9 per cent) to about 
0-2 per cent, carbon on the outside edge, and the depth of 
the carburisation from the edge inwards is also shown to be 
variable. The presence of martensite and hurdenite (Figs. 1 
and 2, Plate XYIil., and big. 2 . Plate XX.) suggests the im¬ 
portant information that the chisel has been quenched. Some 
of the crystals give evidence of a structure probably due 
to impurities of phosphorus and sulphur. 

The longitudinal photographs of both the chisel and the 
nail show this structure. Fig. 2. Plate XIX. represents the 
transverse section, and Fig. 2. Plate XX, the longitudinal. 
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Further micro-sections were prepared from tho specimen 
cut from the nose of the ancient chisel. These are shown by 

igs. 1 and 2, i'late XV III. Fig. 1 represents a longitudinal 
section from the chisel point where worn down; and Fig. 2 
in the main approximately shows the outside edges of the 
chisel, os indicated by' the black lines. These outside edges 
are naturally somewhat out of focus. These photomicro¬ 
graphs appear, in the author's view, to carry evidence that 
the chisel has been quenched, for the structure is in parts 
martensitic. Iroostite is ‘ certainly also present, which is 
probably the result of tempering by the long lapse of time. 

Tho author believes this to be the first time there has been 
put on record evidence of tho art of cementation having been 
known 1500 to 2000 years ago, as shown by these specimens; 
probably, therefore, such knowledge could Ihj traced back still 
further. 

Jbnpenmenl So. 2253.—This was carried out npon the 
ancient Sinhalese nail, specimen marked No. 2 by Dr. Willey, 
and is shown in specimen Fig. 2, Plate XV. This is probably 
of the same origin and age as the chisel just described. This 
nail is about 13} inches in length, and g inch x -j^ inch at the 
point; the extreme point is miss ing 

Table II .—Comjxmtion 

Carbon .... 

Silicon. 

Sulphur . 

Phoipliurus ....... 

Manganese . 

specific gravity, 7*69. 

Tensile Strength. —The Fremont shear test showed 11 tons 
per square iuoh elastic limit, 21 tons per square inch break¬ 
ing loud. 

■SAocA* Test .—The shock test on un-nicked specimen was 0*5 
kilogramme x 1 degree—that is. it was very brittle. 

Hardness. —Tbe Brine 11 ball test showed hardness numbers 
of 117 and 209 on opposite side of the naiL 

The scleroscope hardness number was 44. 

The fracturo revealed a fine bright crystalline structure. 


Per Cent, 
trace* 

nil 

nm 

ml 
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The microstructure, Fig. 1, Piute XVII., und Fig. 1, 
Piute XIX. iudicule u remarkable conglomeration. 

Pig. 1, Plate XVII.. shows a weld running diagonally across 
the section, and along the edges of the weld there are carburised 
ureas. Another notable point is that on one side of the weld 
the slag shows the effect of the forging, whereas on the othor 
side there is no such sign. The specimen is covered with slip 
bunds, and has evidently undergone severe hammering, pro¬ 
bably in its use as a nail. The carbon in the carburised areas 
exists as granular pcarlite. Fig. 1, Plate XIX, is a transverse 
section, and Fig. 1, Plate XVII., a longitudinal section. 

The longitudinal photographs of both the chisel and the 
nail (Fig. 2, Plate XX„ and Fig. 1, Plate XVII.) show evidence 
of a structure. 

The fragment from the nail was heated and forged well up 
to about 1150°C. As forged, the Brinell ball hardness num¬ 
ber was 120. The same material heated to 1050° C. and 
quenchod in water showed 130 Brinell ball hardness number, 
showing that it was not hardened by quenching. 

Experiment No. 2254. — This was carried out upon the 
ancient Sinhalese billhook, specimen marked No. 3 by Dr. 
Willey, and is shown in Plate XVI. The specimen was very 
corroded, being covered with u thick brown rust. 

The billhook is about 12| inches in length, 3| inches in 
width at the blade, the handle being 4J inches in length. 

Table Ill. — Composition. 

Per C«nL 


Carbon ......... traces 

Silicon . .OKti 

Sulphur ......... O'tKCS 

Phosphorus ........ 0-&I 

Manganese ........ traces 


Specific gravity, 7-50. 

Towle Strength .—The Fremont shear test showed 16 tons 
per square inch elastic limit, with 29 tons per square inch 
breaking load. 

Shock Test .—The shock test ou un-nicked specimen gave 
?-l kilogrammes by 35° bend only. 

Hardness —The Brinell ball test showed hardness numbers 
of 153 and 166 on opposite side of the billhook. 
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The scleroscope hardness gave number 23. 

The fracture showed bright crystalline structure, laminated 
appearance. 

The report on the uiicrostructure of the specimen, as shown 
by photomicrographs Fig. 2, l’late XVLL, and Fig. 1, Plate 
XX., shows that it contains a large amount of slag, and 
appears to represent what would be now termed a somewhat 
low quality of wrought iron. There seems to be practically no 
carbon present, and therefore no evidence of treatment other 
than forging can bo obtained. Fig. 2. Plate XVII., is tho longi¬ 
tudinal section, and Fig. 1, Plate XX., the transverse section. 

Special interest attaches to tho analyses given, as they 
probably represent the only modern complete and accurate 
determination of the composition of known and authentic 
specimens of ancient iron. 

The phosphorus is, it will be noted high, from 0*28 up to 
0"34 per cent., which, however, does not greatly differ from 
modem bar iron. The sulphur percentage is extremely low, 
showing that a very pure fuel — no doubt charcoal — was em¬ 
ployed in tho production of the material. There is very little 
silicon present, and manganese is entirely nbsent, which is 
somewhat remarkable, as nearly all iron contains some man¬ 
ganese. As the specimens from which to produce tensilo 
bars were too small, these wero obtained by means of the 
ingenious Fremont shear-test method. The tensilo quality 
of the material averages about 26 tons per square inch, or a 
little higher than wrought iron. This no doubt is owing to 
the considerable percentage of phosphorus present, which 
stiffens or hardens iron. The Fremont shock tests show fair 
results on the specimen taken from the chisel, namely 17 
kilogrammes, with 85° bend. The other specimens, however, 
show much lower figures, namely the nail (1 kilogramme by 
only 1' bend), and the billhook (7 kilogrammes by 35° bond). 
The hardness by the Brinell method varied from 117 to 166, 
one result from the nail showing 209 ; but this is abnormal, 
and cannot be accepted as representative. The scleroscope 
tests varied from 25 to 44, and as a comparison it may be 
mentioned that water-quenched carbon steel by this latter 
method shows 100, and ordinary wrought iron about 20. 
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From tho microscopical examination and from the other 
tests carried out, the specimens represent u material of the 
type known as wrought iron, and not steel. The specuuens 
somewhat resemble the material known as puddled iron, and 
appear to have been made fruin somewhat impure ore. The 
material is very low in its percentage of carbon, arid, excepting 
phosphorus, also other impurities. There is present, in a 
lumpy, irregular form, quite a large amount of slag, indicating 
that the material bus not been submitted to anything like 
the amount of squeezing and forging that modern wrought 
iron undergoes. 

On etching the longitudinal micro-sections for tests for 
phosphides, tho nail showed a clean weld of pure iron on the 
one side and impure wrought iron on the other. Whereas 
the former is free from phosphides, the latter etches quite 
black, with 10 per cent. CuCl., showing presence of a large 
amount of phosphide of iron. The specimens from the chisel 
and billhook were also etched as macro tests. These are 
shown in Plate XXI. 


SECTION I. 

Conclusion. 

In concluding this paper, the author trusts (hat the facts 
set forth in this research add definite knowledge regarding 
ancient iron and steel. The production of such iron of satis¬ 
factory quality appears to have taken place on a large scale. 
The results set forth in this paper, and the various facts re¬ 
ferred to regarding the production and use of iron in India, 
show that in ancient times metallurgical knowledge existed to 
quite a considerable degree. 

This is not unnatural, seeing that Dr. V. Ball, M.A., F.G.S., 
in his admirable and exhaustive work on the “ Geology of 
India." shows that the deposits of iron ore are very numerous 
in our Indian Empire. He adds his belief that “ there are 
distinct evidences that Wootz was exported to the West in 
very early times, possibly 2000 years ago." Without doubt, 
therefore, as tho natives of India had in bygono ages ample 
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Plate XIV 



The Iron Pillar al Delhi. 



























Plate XV 



Fig. 2.—Ancient Nall, 13J inches in length, fnim Sigiriva (5th century a.n.). 







Plate XVI 
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Plate XVII 



Fk ].—No, 317u. Nail Longitudinal, showing weld. 
Magnified 80 diameters. 



Fid. 2.— No. 319a. Billhook. Longitudinal. 
Magnified 80 diameter*. 























Plate XVIII 
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Flo. 1.—No. 389 a. Ousel, from point. Longitudinal section. 
Magnified 80 diameters. 
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Fig. 2.— No. 389c. C hisel, from point. Longitudinal section. 
Magnified 80 diameter*. 































Plate XIX 



Fic. 1.—No. 317. Nail. Tr.-m-.vrr>*. 
Magnified SO diameters 



Fio. 2.—No. 318. Chisel. Transverse. 
Magnified 80 diameters. 


















Plate XX 



Fig. L—No. 319. Billhook. Transvcise. 
Magnified SO diameters. 



Fig. 2.—No. 31Ba. Chisel. Longitudinal. 
Magnified SO diameters. 



Plate XXI 




Macro-Testi. I .onuiuulin.il Sections from Ancient Tools. 
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sources of iron ore at their disposal, they knew how to pro¬ 
duce iron and steel. It seems highly probable, therefore, that 
they did actually export their products to Egypt. 

If, too, the photomicrographs of the ancient Sinhalese chisel 
represent the current practice of that time, as probably was the 
case the fact that the art of case-hardening or cementing and 
carburising wrought iron—afterwards quenched in order to 
produce articles with hardened cutting odges—was known, is an 
important piece of evidence, and proves tfiat the art of iron and 
steel manufacture must at that time have been of quite a high 
order. In fact, combined with the information submitted 
regarding the remarkable wrought iron pillars at Delhi and 
Dhur, tho pillar at the latter place being at least 44 feet in 
length, and of considerable diameter, it would appear that even 
the production of masses which were not possible in Europe 
until quite recent times, were then undertaken. Beyond 
Nature's own productions of large meteoric masses, the author 
believes he is correct iu stutiug that no such large masses were 
ever known to have been produced in the Western portion of 
oar globe at this period. Eastern knowledge was, therefore, I 
much superior to tliut of Europe. 

It is important to know whether the facts stated in this 
paper warrant the conclusion as they appear to do. that know- 
ledge existed in ancient times with regard to hardening car¬ 
burised iron. If they do, we should then have a satisfactory 
explanation of how the great works of stone, such as those 
seen in Egypt, wore carried out in past ages—-that is, probably 
by means of iron or steel tools, hardened and tempered to 
carry a cutting edge. 

The author will bo more than repaid for any trouble he has 
taken if this paper throws light upon points which havo been 
bofore obscure, or if it adds but a small chapter to the know¬ 
ledge and history of tho fascinating metal iron—the metal by 
the aid of which so much has been done to modify and re¬ 
volutionise the world, specially in its more recent anil modern 
history. 

As regards this revolution, one simple illustration will suffice. 
In the paper to the Royal Society by Farnday and Stodart on 
"The Alloys of Steel,” in 1822 — not very’ long ago — it is 
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described bow the various specimens were carefully prepared 
in London and sent to Sheffield to be melted and east under 
the supervision of an “intelligent and coniidenti&l agent.” 
Although this was only eighty-nine years ago there was then 

no other way of forwarding such specimens except by road_ 

no “ iron ” road existed ! 

It is hoped, therefore, that the research may ho a suitable 
addition to the interesting one regarding Indian steel already 
set l *3fore tho Royal Society by one of its Fellows, Dr. Pear¬ 
son. now more than u hundred years ago. 

The author takes this opportunity of thanking His Excellency 
the Governor-General of Ceylon, Sir Henry MoCallum, for his 
kindness in permitting these valuable specimens to be made 
available from the Colombo Museum; Dr. Willey, F.R.S., the 
then Director of tho Museum, for the trouble he also took in 
the matter; and Mr. G. A. Joseph, tho acting Director of the 
Colombo Museum. To Mr. G. C. Lloyd, the Secretary of the 
Iron and Steel Institute, and his assistant, Mr. L. P. Sidney, 
lor information furnished; Dr. A. K« Coomaraswamy, for his 
permission to make use of photograph No. 10, taken from 
his book on ‘ Medheval Sinhalese Art"; Miss Hughes, the 
Secretary, and her assistant, of the Royal Asiatic Society, for 
affording help with reference to the inspection of that Society's 
proceedings; and to the members of his own Research staff 
Messrs. L B. Milne, T. G. Elliot, and others, for the assistance 
they have given in carrying out this research, his thanks are 
likewise due. 
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DISCUSSION. 

Sir Robert Uiontu), F.R.S., Past-President, in introducing his 
paper, said that with reference to some of Professor Louis’ remarks 
upon the previous paper, he (Sir Robert) hud, upon the table, a photo¬ 
micrograph from the chisel referred to. On analysing that specimen 
it was found that the carbon percentage was quite considerable. On 
one of the sides of the chisel no leas t.lmn 0*1)0 per cent, of carbon 
was found to be present, which might havo been, as Professor Louis 
suggested, the result of the particular kind of method of manufactur¬ 
ing the material in its first stage, and if that was so the carbon might 
not be due to cementation. At nny rate, a high percentage of 
carlion was really present, varying from 0*2 to 0 9 per cent. The 
depth ..f the carburised layer seemed to be variable. The chisel 
seemed to show evidence that it had been quenched, although some 
authorities thought a similar structure could be produced bv hummer 
hardening; in any case it was evident that many thousands of years 
ago the manufacture of iron and steel was well known. .Since the 
paper was written, one of the memhers of the Institute, Sir Joseph 
Jonas, had sent the author a photograph of one of the Pompeian 
frescoes showing two cherults forging a metallic product upon an anvil. 
\\ hether the products being worked were iron it was difficult to say, 
hut the tools- employed must surely have been of iron. Sir Joseph' 
had also sent him the analyses of some specimens of old steel which 
hiR --on obtained in India—in one case the carbon was as high as 
1*84 per cent. 

Owing to the great difficulty of obtaining ancient specimens, those 
now exhibited and the bloom shown by Sir Hugh Bell represented 
particularly valuable evidence of the use of iron and steel in early 
ages. In Ceylon, where the author’s own specimens came from, the 
air was particularly dry, which probably partly explains why the 
specimens in the Colombo Museum collection had been so well pre¬ 
served from rust. 

Sir Itucn Bull, Bart., Past-President, said tluit the paper by 
,v>,r Robert. Ha.lfield dealt with a remarkable series of early iron 
ispirimons, and he lielieved they went to confirm the opinion enter¬ 
tained that in early days iron was unquestionably made dins-t from 
the ore. It was probable that occasionally in accidental cirournstances 
something which distinctly resembled cast iron was made, and the 
makers were probably very much perploxed at it. as they wanted to 
obtain iron tlmt was easy to manipulate. In doaling with tluit sub¬ 
ject he was aware, however, that he was trending on somewhat dan¬ 
gerous ground, because there were those who believed that, certain 
Homan implements found in Great Britain were made of cast iron, 
and his friend Dr. Greenwell of Durham was one of them. 
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CORRESPONDENCE. 

Professor J. 0. Arnold, F.R.8., Bessemer Medallist, wrote that he 
had read Sir Robert lladfield's paper with extreme interest, and 
thonght it was well that such papers should, from time to time, be 
presented to the Institute to remind the members of the small begin¬ 
nings of that huge industry to which they were devoted, and which 
now practically dominated the civilised world. 

The paper was extremely interesting as giving concrete data proving 
the existence of iron and steely iron weapons of peace and war of a 
date shortly after the beginning of the Christian era. It was ex¬ 
tremely difficult to attempt to differentiate between the Stone, the 
Bronze, nnd the Iron Ages, os they obviously overlapped in different 
districts of the world over long periods of time; but apart from con¬ 
crete data, such as that presented by Sir Robert Iladfielil in his admir¬ 
able paper, there was a question of collateral evidence, and perhnps it 
might be permitted to develop that evidence, which threw a different 
aspect over the whole question. In his (Professor Arnold’s) opinion, 
iron, and even steel, existed even back to the border-land where pre¬ 
historic time passed into historical time. Homer, whose writings wore 
generally assumed to be the first authenticated literature subsequent 
to the time of Moses, wrote in the Odytseij, Book IX. (according to 
Pope's translation), the following lines;— 

•• And. »» when armourer* tempered in the ford. 

The keen-edged pole-one or the shining sword ; 

The red-hoi metal hisses m the lake, 

Thns in his eyeballs hissed the plunging stake." 

Those lines were quoted by Rnseoe and Schorlemmer in their clas¬ 
sical Chemistry, and they very truly remnrked, “ This description conld 
have reference only to steel"; nnd probably referred, in Professor 
Arnold’s opinion, to the puddles! steel of the period. Turning to Grent. 
Britain, there was historic evidoncethat Boadicen.the British "Warrior 
Queen," smarting under her wrongs and oppressions, in a.D. 50 gathered 
together an army, and fiercely attacked the Romnn conquerors in a 
great battle before Colchester; she and her Britons totally annihi¬ 
lated the Ninth Roman Legion. She attacked a second Roman army 
at 8t. Albans, totally defeating it, and the same fate overtook the 
Homans near London, Tacitus, the Roman historian, estimated that 
in those three battles the loss of the Roman legions and their auxili¬ 
aries reached the huge total of 70,000 men. It followed, therefore, 
thnt shortly after the beginning of the Christian era. Boadieea must 
have had under her command something like 100.000 troops, who 
would be armed with swonls and spears of iron or steely iron, in 
addition to the great scythes on the axles of the war chanots of the 
ancient Britons. It therefore scorned certain that long before that 
there must have been in ancient Britain huge armouries for the mnnu- 
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factui-e of weapons, and that the discovery of the reduction of iron 
must have preceded by many years its manufacture on so very large 
a scale. 

Professor Carl Benedicks (Storkholm University) wrote that overv 
one interested in metallography would understand the value of Sir 
Uoliert Hadfield's researches. The interest attaching to such ancient 
specimens of iron might even be greater than that claimed by the 
author. Sir Robert held the view, which might be said to be widely 
adopted, aud had been advocated by the lnte Secretary of the Institute, 
Mr. Bennett If. Brough, that the use of iron had existed from the 
very earliest periods in the history of mankind, and that the non¬ 
existence of remains of those early periods should be ascribed to 
oxidation. Professor Benedicks bail had the opportunity of dis¬ 
cussing the matter with an eminont representative of another view 
of the subject, the well-known Swedish orchirologist, Professor O. 
Montolius, who had consecrated a considerable part of his life to the 
study of the early history of iron. As expounded by Professor 
Montelius, at the Ghent Congress in 1907, the assumption nB to 
the very ancient origin of the use of imn was based mainly on the 
three following considerations:— 

(1) The erection of the pyramids. The inscriptions made by the 
Egyptians in hard stone were difficult to explain without admitting 
the use of iron, as pointed out by Mr. Maspero. The chemical and 
metallurgical knowledge at that period was SO considerable that it 
was unreasonable to imagine that the early Egyptians were unaware 
of how to prepare iron. However interesting such considerations, 
they afforded no proof of the early use of iron, and the question 
involved only the existence of specimens which, although scarce, was 
incontestable. 

(2) Hieroglyphics which had been identified with the word “Iron” 
occurred in the very earliest ages. Professor Montelius, however, 
pointed out that they could just os well bear the signification of 
“ nifctal 1 used for weapons or tools; first copper and bronze and 
later iron. That that was tho case was known by reference to other 
races. Thus, tho Sanskrit word “ Ayassignified in the first instance 
capper or bronze and Inter came to menu iron. 

(3) The specimen of iron taken from the Great Pyramid, and some 
other finds which had been referred to. They had not beeu so 
carufnlly described, nor their exact manner of occurrence explained 
sufficiently, to prove that they might not have been of later origin. 
A very interesting discovery mode some years ago by Professor 
Minders Petrie* of a shapeless iron mass surrounded by some bronze 
tools dating from the Sixth Dynasty (about. 2(1 (X) b.c.) could not be 
taken as a proof that iron instrument,-, were manufactured at that 
time. On the contrary, it was rather a proof that, at a period when 
bronze was still being used for the mannfactuTe of tools, the produe- 

• " Man," a Monthly RttorA »f AntkrvfoUtgical Scituct, voL iii. p. 147, 19(18. 
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tion of iron hml Iwen discovered, but the methods of working it were 
not known. 

The chief arguments against the very early nse of iron were the 
following:— 

(1) Mural pictures from the “Old Empire” (prior to about 2000 
H.c.) frequency showed weapons of copper or lironze, coloured red or 
yellow, hut never of iron (coloured blue) as in paintings of t.he “ New 
Empire” (after 1580 H.C.). Lepsius, who believed in the very early 
use of iron, was much struck by that fact, which he was unable to 
explain. 

(2) As lately shown by Mr. Hall 1 in the long tribute lists of the 
Eighteenth Dynasty (about 1580 B.C.), iron was never mentioned ; but 
during the Nineteenth Dynasty it occurred in a sacred inscription at 
Abu Simbel, in which the god Ptah was made to say that he hal formed 
the limbs of King Raineses II. of electrum, his hones of bronze, and 
his urms of irotj. That was the earliest literary mention of iron, with 
regard to which no doubt had been entertained. From that time 
onwards, pictures showed weapons of iron, according to Lepsius, 
and actual specimens had been preserved. Thus Hail pointed out that 
Professor Petrie* recorded the existence of an iron halherd-blado of 
Humeses lll.’s time as one of the earliest known specimens of an 
Egyptian iron wcapou; its date was about 1200 B.C. 

(3) In all tombs and dwellings from the time of the Nineteenth 
1 lynasty. explored by Professor Flinders Petrie, in the cities of Kahun 
anti (tourob, where immense quantities of flint, copper, bronze tools, 
wooden objects, aud papyrus were dug out, no trace either of iron and 
iron rust could be observed. 

There was thus, in Dr. Benedicks’ opinion, good modern evidence of 
the truth of the statement made by Professor Mnntelius twenty-five 
years ago that the use of iron in Egypt was not earlier than 1500 B.O., 
and that it was not until about 1200 B.C that that metal assumed im¬ 
portance in the Nile valley. Evidences gathered from other races 
agreed with that conclusion. Hie interesting correspondence of Mr. 
Mnspero quoted by Sir Robert also supported Pmf.-ssor Moutelius’ 
contentions. The buried Sinhalese cities were now stated to date 
back to about 500 B.C., and even if the specimens described by Sir 
Robert Hndfiehl did not extend as far hack, it seemed highly probable 
that they were more nearly contemporary with the earliest nse of 
iron than has been assumed. 

Dr. A. K. Coomakaswamt (London) wrote tliat Sir Robert Had- 
field’s paper was not only of general interest as an important con¬ 
tribution to culture history, but of special interest to stndenta of 
the history of civilisation in India. He ho|ssl sincerely that Sir 
Robert might lie able to complete the work from that point of view, 
by publishing the results of an examination of the irou and steel of 

i " \/.ik .i -1/ ntibr KttnJ if Scnct, vol. iii. p. J47 ij*ja 
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modern manufacture in India and Ceylon, as there was no doubt that 
the ancient methods bad been continuously handed down. He might 
mention that those interested would find specimens of Sinhalese steel 
and crucibles, made for him a few years ago, in the Museum of 
I radical Geolog)' at .Icrmyu Street. One other matter might be 
referred to in connection with the general subject of Indian metal- 
lurgv : that, then- remained sin important field for study in the Indian 
bronzes and other alloys. It was to be hoped thnt some competent 
metallurgist might take up that research. It had quite a practical 
bearing for artists and manufactures; for, on the one hand, the 
Colours of the various alloys were of much interest, nnd on the other, 
it might be noted that some Indian brasses tarnished rapidly, while 
others, mostly the whiter kinds, resisted the I»ndou fogs much longer. 

I*r. Allkuton S. Ctshvan (Washington, U.8.A.) wrote thnt ho had 
great pleasure in contributing to the discussion of such an interesting 
and scholarly presentation of an important subject as was given in 
tn»* pnpt r by Sir Robeit M. The history of th« past frequently 

pointed the way to progress for the future, nnd that was likely to be 
quite ns true in the metallurgical arts us in social or political de¬ 
velopment. Ho (Dr. Cushman) was particularly interested in the 
extraordinary resistance to corrosion that was evidenced by those 
ancient irons. It should not lie forgotten that the Sinhalese speci¬ 
mens described by Sir Itobert llrnl field must luive been strewing the 
surface of tlie earth, or have been more or less deeply buried, for many 
centuries, and that they unquestionably represented the ** survival of 
the fittest among the products of ancient metallurgy. Chi mical and 
physical examinations of such ancient specimens might point the way 
to practical improvement in our own age, for one criticism thnt was 
often passed on modern steels wns that their tendency to corrode nnd 
disintegrate stood in direct ratio to the rapidity with which they w« re 
manufactured. In thnt connection, he (Dr. Cushman) thought tliat 
a quotation from a paper on the conservation of iron, which he had 
punted in the Journal of the Franl'lin InrtHutt for April 1911, might 
lie appropriate :— 

" y^ e l* vt ‘ * n a practical age, nnd it is essential that wo should 
consider our great industrial problems from a practical view-point. 
No sensible persons would venture to propose n return to the old 
hnnd-worked methods of manufacture, for inudern conditions could 
not support such an industry. In the old Wootx and Catalan pro¬ 
cesses very pure magnetite and hn-matite ores, first pulverised nnd 
thoroughly lixiviated and washed, were used. They were then little 
by little puddled out by burning with charcoal in a pit or oven, nnd 
stibsi quently l.. aten nnd forged by patient industry to the desired 
form. It seems to bo a law of Nature that her "materials should 
respond to the manipulations of the hands of man, and acquire pro¬ 
perties that inachiiu ry cannot give. As an example of this, we 
nave only to remember the everlasting qualities of the hand-worked 
lacquers and enamels of the Orient, and compare them with the 
1912.—L 
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machine anil brush laid coatings of our own industrial processes. 
The poet Virgil, who lived before Christ, has drawn a picture which 
brings vividly to mind the intense manual labour involved in early 
metallurgical operations:— 

• As when the Cyclops, at th' almighty noil, 

N<rw thornier hasten for their angry god. 

Subdued in fire the stubborn metal lies: 

One brawny smith the puffing bellows plies, 

.And draws and blows reciprocating air: 

Others to quench Use hissing mass ; repute: 

With lifted arms they order every blow. 

And chime their sounding hammers in a row: 

With laboured anvils Etna groans lielow. 

Strongly they strike; huge flakes of flames expire: 

With tongs they turn the steel ami vex it in the fire.* 1 

“ The nineteenth century ushered in the age of steam, and front 
this point the history of iron exerts an even more potent influence 
than liefore over the development of the human race. The names of 
Watt, Stephenson, Bessemer, and Siemens will never require bronze 
monuments to perpetuate them, for as long as iron is made or moves 
they will be remembered.” 

The above quotation presented an interesting picture of the art of 
ancient metallurgy as Virgil was familiar with it. 

As far as the chemical constitution might be taken os having a 
bearing on resistance, the specimens described by Sir Robert Hadlield 
were suggestive and interesting. It was to be noted that all the 
specimens were free from manganese and sulphur, hut high in phos¬ 
phorus. The writer had in his possession some wrought nails which 
were known to have been used in the construction of the Richmond 
(Virginia) Masonic Hall in IR07. For a hundred years those nails 
were in service, and as the old weather boarding rotted away they 
stood half-driven into the old oak studding*. pnrtiallv exposed "to the 
weather. It was most remarkable that even the sharp edges of the 
hand-forged nail heads had not suffered in the least, and were as 
sharp to-day as when turned out from the ancient smithy. That was 
dearly shown in the accompanying illustration (Fig. 1). The chemical 
analysis of that old nail was curiously similar to that of Kir Robert 
Hadtield’s Sinhalese specimen*, being low in manganese and sulphur 
and high in phosphorus. The analysis was as follows:_ 


Sulphur 

Manganese 

Carbon 

Phosphorus 

Silicon . 

Copper 

Oxygen 


Per Cent. 
01)13 
OlJO 
Of 13 
n MB 
0121 
0 027 
0 150 


It would he interest 


dence to see whether 


--- ;ing in the face of that coinci., c .«,- w ore wnetuer 

low manganese with low sulphur and high phosphorus would lead to 
high corrosion resistance in modern material. Fortunately th.- pro 
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durtion of commercially pure iron in open-hearth furnaces in America 
nun It- possible the rephosphoriging of pure iron, and he (I>r. Cushman) 
hoped to eondnct experiments along that line. 

It had recently been claimed that the addition of copper to steel 
increased the resistance to corrosion. An addition of 0'25 per cent, 
uf copper to ordinary steel certainly reduced the solubility in dilute 
mineral acids, but there was no evidence thnt it led to longer life in 
soi vice. When the old chain bridge at Newburyport, Massachusetts,' 
which was built in 1810, was recently taken down, the links were 
found to be remarkably free from corrosion. The first link analysed 









Fin. 1. Shewing lhe relative corrosion of a modern sue! nail and an old forged nail 
in service for ICO years. 

was remarkably high in i-opper (0-35 per cent.). That appeared to 
substantiate the eoppor theory, but sulisetpieut analyses of other links 
showed no copper present, so that again an illustration was afforded 
of the danger of basing conclusions on insufficient evidence. At his 
(I'r. Cushman*) suggestion, Sir Robert llndfield had analyses for 
copper content made on the ancient Sinhalese specimens, and in a 
recent letter he made the following comments: “ I have now made tests 
° n It* * n< l uea ^' on regard to copper with the following 
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I think in a general wav those percentages might be termed coincid¬ 
ences ; certainly they are not intentional additions nf copper." 

“ As regards the effect of nipper in adding resistance, all die speci¬ 
mens are more or less alike, whereas if this clement has any influence 
the nail ought to have shown less corrosion than the others. 1 think, 
therefore, you are right in not accepting the theory that the addition 
of copper will enable iron and steel to resist corrosion." 

In conclusion. Dr. Cushman took occasion to say that he would be 
glad to receive specimens, or information in regard to specimens, of 
irons of undoubted ancient origin which liad proved to lie highly 
resistant to corrosion. 

Professor Henri Le' Chateuer, Bessemer Medallist, wrote 
that he hail road with the greatest interest Sir Robert Had field's 
paper on prehistoric iron uud steel. Apart from the archieological 
importance of the question raised, it seemed to him that some of the 
observed facts possessed even greater practical interest. To liegin 
with, the preservation for centuries, without alteration, of columns 
ex|*osed to extremes of atmospheric conditions appeared to confirm 
the old-established opinion that, iron manufactured by ancient pro¬ 
cesses offered greater resistance to oxidising action than modern 
steels. On referring to the analyses of those columns given by the 
author, one was struck by the almost complete absence, both of 
mangunese and of carbon, which always occurred in noteworthy 
proportions in steels made by melting processes and also by the 
relatively high percentage of phosphorus. It was perhaps to the 
concurrence of those three fuctors that the exceptional durability 
of those ancient. Hindoo irons was to he attributed. 

The presence of troostite in certain portions of the iron which hail 
been cnsedmrdeued and quenched was pointed out liy Sir Robert 
Had field. It was legitimate to inquire whether the martensite 
could not have l>een transformed, in time, into troostite by spon¬ 
taneous annealing carried out at. the ordinary temperature. The 
law as to the variation of the rate of reaction in proportion to the 
temperature would foreshadow that transformation and the partial 
demagnetisation of magnets containing carl sin seemed experimentally 
to confirm that presumption. It would be interesting to submit the 
problem to even more careful experimental checking. Would it not 
i>e possible to deposit at the International Bureau of Weight* and 
Measures in France and at the National Physical Laboratory in 
Kngland, rods or hardened steel in which could be studied from year 
to year the variation of some of the properties which depended on the 
state of hardening, and tequired at the same time accurate investi¬ 
gations on, for example, their exact lengths and their electrical 
resistances ? 


Mr. Isaac E. I.kstek (Birmingham) wrote that the importance of 
Sir Robert Hadfield s paper could only ls> fully recognised by those 
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who hud spent much time among the native workers in India and to 
whom it would prove of almorhing interest. .Sir llolwrt deserved well 
of the Institute for the lime, trouble, and expense he had bestowed 
upon such an excellent treatment of the subject. His researches and 
deductions from archeology and analysis with the further aid of 
micro-examination were extremely valuable, but at the same time it 
was hie (Mr. Lester’s) humble opinion that it was not always possible 
to gunge a process by the product. He hud had the honour, in his 
Presidential Address before the Staffordshire Iron and Steel Institute 
in September last, of dealing specifically with “ Indian iron,'' of which 
subject be bad made a rather close study during over four years' 
residence in India. In establishing steel manufacture in India on an 
economic bast- and seeking successfully to develop some of the great 
natural resources of India, it was desirable to evolve mdio method, 
suitable alike to the labour ami climatic conditions, which would 
result in the blending of the best possible material with native lalmur, 
and the production of steel for all purposes e<|uul or superior in all 
respects to British manufacture for extensive use in India. It was 
thus that he became closely acquainted with the native methods of 
manufacture, and realising that Indian iron and steel were of such 
world-wide renown, his conception was, that could iron and steel be 
produced iu hulk economically, under native conditions, such uu in¬ 
dustry might be for all time established. In the pursuit of that aim 
he had closely studied the development of the process from its remote 
origin (when the elements were fitfully employer] with the crudest 
possible appliances), and as far as recorded, traced it up to the present 
practice on a native basis. From such an examination an insight was 
gained as to the primitive practice and novel methods employed by 
the Lohu or iron worker. 

An explanation of the superiority of Indian iron was sought for in 
the method of its manufacture and its after treatment, and in the 
main, in treating of that subject in his paper, his object was, if 
possible, to correlate and deduce from everyday practice, treatment, 
and results tire exact methods which had been in use for very many 
centuries. 

Briefly stated, his treatment of the subject had l*eeu synthetical, 
dealing specifically with iron (where it was possible to discriminate, 
which he admitted was difficult), and with the intention of dealing 
later with tho specific manufacture of steel. He had pointed out that 
u The low carbon content (in iron and steel) is always variable, and 
with even 0'4 to 0'5 per cent (unburdened) the quality is unsurpassed 
in malleability and ductility." “ The principle involved is the same 
(in the refining of tire iron sponge), viz. the uniting or fusing of very 
small grains with other or huger grains or shots of steely iron content 
in the sponge by kneading or bailing together in a reducing atmos¬ 
phere through an imj>erfoct covering of slag." “ The operative 
ability of the smith makes or mars the quality of his product." 

“ An expert smith or Loha mistree, who ranks higher than a 
smelter producing the sponge, is aware of tire difference between 
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very hard steely iron and a softer one, and by careful selection of 
portions of bis refined product will make an iron (although containing 
carbon) fit for hammering out iu the cold to a dished hollow shape (us 
per specimen cooking vessel) or into un axe or kuttar, as per example 
also." 

“The carbon content in the bowl is 0092 per cent., mangauese a 
trace, anil silicon 0'027 per cent., and in the axe 0-4 per cent, and 0'6 
per cent, respectively of carbou, which near the eye is only O'I per 
cent, carbon.’’ 

From that method he thought it was quite safe to conclude that it 
was not necessary that the method of cementation mentioned by Sir 
Robert. Hadfield should have been known by the native, who for long 
ages had bunded down by east-- the peculiur methods of manufacture 
and treatment, and had met his small, yet exact, requirements by 
judicious treatment of the crude grains of iron and steel. 

He had in his possession edged tools and kuive>, which were vury 
old, and had undoubtedly been made of carefully selected material, 
and where in some coses it was possible plainly to see, by etching, the 
fusing or weld lines where the softer bucking supported the harder 
cutting edge. Moreover, he thought there was much point iu the 
native practice of manufacturing articles of that kind, for it was 
recognised by the native that a much bettor blow was effected without 
the risk of shattering the weapon or tool, which, if of hard steel 
throughout, was more liable to breakage or splitting. 

With regard to hard cutting tools such as were mentioned as 
having been in uie in Egypt, he (Mr. Lester) thought tliat such tools 
were steel, possibly of Indian manufacture, and such as were to the 
present day nsed by native quarrymeu in Indio, who “get- ' the 
hardest ruck by letting the round-sha|>ed !»r fall through their hands 
continually on the same spot, which when hollowed was rinsed of 
powdered rock by washing out with water. That served to keep the 
end of the l«r or blunt chisel cool, and to present a fresh striking 
surface each time. The process was a slow one, hut sure of result--! 
He sincerely trusted that an examination of the Delhi “lat” would 
be jtossible, for of one thing he felt quite assured, namely, that the 
column was of iron containing carbon, which hud been produced in 
some one of the furnaces and by one of the methods he had described. 
He also lielieved that the analysis would vary throughout the whole 
length, although, generally speaking, the carbon would not he high 
and much slag would be found to be enclosed. 

Dr. W. M. Flwdbhs 1’ttnux, F.R.S. (University College, London), 
sent the following interesting communication with reference to the 
ancient metallurgy of iron and steel in Egypt:_ 

Iron was known in Egypt from the middle of the prehistoric 
civilisation (about GOOD to 7000 ire.) onwards, being well authenti¬ 
cated in the subsequent ages of tlm IVtli, Vlth, Xllth. XVIIlth, 
XXth, and XXVth dynasties. It was only found sporadically, and' 
was never in general use until about 500 B.C. That strongly showed 
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that native inin was the source, and not an artificial product by reduc¬ 
tion, which would have been repeated. The pure haematite beds, 
carltouiferuus strata, and immense basalt flow of Sinai furnished a 
likely source for native iron. 

The first general group of iron tools belonged to the time of the 
Assyrian invasion uf Egypt (l»C6 n.c.), and was found at Thebes. 
When magnetised they mostly retained permanent magnetism, showing 
that they were hardened to some extent. They were now at the 
Manchester Museum. 

An entirely different question was that of the Egyptian methods of 
stoue working. From the absence of iron tools until late times it 
seemed clear that iron was not used. For soft stones, copper and 
bronze chisels were certainly used, as Professor Petrie hail found them 
in Sinai, where there was no stone but sandstone. For hard stones 
hammer dressing with stone discoid hammer* was universal; the 
hammers were very commonly found. For line work, sawing and 
tube drilling with emery was the regular method. The examples of 
such work in granite were common, with saw-cuts over 7 feet long. 
There was strong evidence tliat fixed cutting points were used, as well 
a« loose powder. For complex forms, as sculpture and raised signs, a 
hand graver of copper, fed with emery, was used. 


Kkterkncbs. 

Am in jriwni/.—" The Labyrinth," by Petrie, Maekay, and Walnwright. Just 
being pul.lUlied. 

For tnyrtsn iron too U .—“Six Temples at Thebes." by Dr. Hinders Petrie. Plate 
XXI. 

For mtlhrjtht of atomintriint/. —“ Pyramids and Temples of Gizeh. by Dr. Flinders 
Petrie, Plate XIV.; and •* Arts and Craft* in Ancient Egypt." chapter vii. 

Mr. V ixi'K.vr Smith (Oxford) wrote giving a few references which he 
hoped might be of use to Sir Robert Hadfield. Sir Robert referred to 
“the ingenious artist, Mr. Stodort,” but had not apparently noticed a 
[taper by tliat gentleman, entitled “ Brief Account of Wootz or Indian 
Steel,” by J. S tod art (undated, but early in 19th century), to be 
found in the quarto volume of “ Pamphlets,” vol. ccclxxxix., in India 
Office Library (printed Catalogue, p. 524). The account of the ruins 
of Sigiriya, as published in the Royal Asiatic Society’s Pnxxflirvjr 
for 187(5, had been supplemented by the more recent reports of the 
Arclueological Survey of Ceylon, especially Mr. 0. H. P. Bell’s Report 
for 1905 (“Sessional Paper,” xx., 1909), and also his (Mr. Vincent 
Smith’s) new book, “ A History of Fine Art in India and Ceylon." 1 
The Iron Pillar at llelhi was referred to on pp. 130 note and 174 
of that work. As to the early use of metals in India, references 
might also be made to Mr. Smith's papers, “The Copper Age and 


1 Clarendon I'reu. Oxford, 11111, quarto, 386 illustration*. 
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Prelustoric Bronze Implements of India,” 1 atul the ‘'Supplement” to 
above, 2 illustrated (March number). 

Professors Flinders Petrie and t'urrelly dwelt with the subject of 
Egyptian tools in “ Hesearches in Sinai,” Murray, 1906 , p. ]t;j. 
Professor Petrie found copper chisels at Sinai. In u lecture (Nov. 
1»U8) he said that copper could be hardened by (1) use of arsenical 
ore; (2) imperfect refining, leaving some oxide j or (3) long-continued 
hammering; and referred especially to Egypt. 

The alleged Cujomti derivation of Wootx was highly impruhohlo. 9 

The use of iron did not seem to he alluded to in the’ Rig-mia. The 
oldest “ Veilic literature " covered many centuries. Mr. Smith was 
disposed to derive the kuuwledge of iron in India, at least in Northern 
India, where u “copper age” existed, from Babylonia. 4 

The civilisation of Southern (I)rnvidian) India was probably intro¬ 
duced by sea, perhaps from Babylonia also. Quantities of ancient 
mm implements occurred in the megulitbic monuments and prehistoric 
cemeteries. As to the prehistoric remains, there was a select list of 
references in the chapter by Mr. Smith on “ Prehistoric Archaeology " » 
The subject of the early use of iron iu India wns a big one. Southern 
India did not «?om to have had either a c ip[ier or a bronze n-n- 

The Hindu form of Delhi was “ Dilh." The derivation was unknown. 
The iron girders at Konirak (not Puri) were of the thirteenth century 
1 hey were made up in n clumsy manner by defective welding. 



a /*«/.. J907. 
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Flrnt lo point out, presumably ulsiut 1858, tli.it tlie pillar was of 
wrought iron, ami that it lu»l been tuaile by welding snntll pieces into 
tin* end of a shaft or bar. Whether Mr. Wood published bis views at 
the time, be (Professor Turner) did not know, but it was certain that 
so early as 1K7I Mr. Kola-rt Mallet bad stated: “ We are thus obliged 
to consider that this pillar is not a casting but a bilge forging in 
. . . wrought iron," while shortly afterwards Mr. (». IM. Fraser con¬ 
tributed a long letter to the A'nt/imrr, vol. x.vxiii. pp. 19, 20, in which 
the fact i« very dearly expressed that the pillar was made of nudle- 
ablo iron and piodur.il by welding together successive lumps or 
Mootees of wrought iruu which had been produced iu a primitive 
blast furnace. Reference might furtlier be made to an interesting 
paper on the “Very Early Use of Iron,” by St. John Vincent Day,' 
in ii hich much attention was givon to Indian iron manufacture and 
pot licidarly to the Hellii pillar, which was drawn and described in 
detail. A .piiitatkin was also made from the “ Arrluc..logical Survey 
Report to the Hovernment of India for 1861 to 186*2,” in Act 65 of 
which Col. A. Cunningham referred to the pillar as being a solid 
casting of mixed metal, the whole length of which was not less than 
•>0 feet and the woight upwards of 17 Ums. As those erroneous state¬ 
ments led to considerable controversy and impiiry, in which the Iron 
and Steel Institute took part, it would be interesting to know bow 
ll 'y. Cl,u ^ he reconciled with the remarks attributed by 8ir Koliert 
Hailfield to Sir Alexander Cunninglmui on page 154 of the pu|»er under 
discussion, and where it was correctly stated that the pillar was up. 
W<l |a i°^ " l h-'i'gth (above ground) and of solid wrought iron, 

welded together. If the errors which unfortunately crept into the 
curlier reports wire corrected between 1862 and 1865, it would lie 
interesting to have the fact placed on record. 

Sir Ron cut HxnriELD, in replying, expressed his obligation for the 
vinous interesting communications on his paper. Mutters of tluit 
nature, however, did not leave much room for discussion. He tluinked 
>r Arnold for his valuable statement, which would be found to be 
“‘y. home out by those who could find time to pay a visit to the 
; rltll, h Museum and see the valnnhle collection of specimens of ancient 
iron weapons. Professor Benedicks sent some interesting statements 
with reference to remarks by other investigators. He (Sir Robert) 
wou ,1 |K,n,t out, however, that iu his paper lie had, as far as iiossible, 
trie.1 to confine his research to specimens of definite antiquity. 

If the present paper lutd brought out nothing more than the very 
vniuable contribution of I>r. Cushman, he would have felt repaid for 
ins labours. The question of corrosion dealt with by l>r. Cushman 
was ° great importance. To find tluit the specimens upon which the 
author had experimented and dealt with in his paper threw light upon 
the interesting problem of corrosion was indeed most satisfactory 
lbe excellent suggestion made by Professor H. Le Chutclier as to 
depositing iq>ecinien rods of uuhardened and hardened steel at the 
1 Wi V »/tir Pkiljiofkictl Socuty of GU,gou,. I(CJ, voL m. . No. II, p. S3S. 
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International bureau of Weights and Measures in France, and at the 
National Physical Laboratory in England, should certainly be followed 
up. The author would also suggest the National Bureau of Standards 
*i} the United States and the Reichsanatalt in Berlin as suitable places. 
No doubt in time very valuable evidence would then be accumulated 
with regard to the various physical properties of steel which depended 
on the state of hardening. 

With regard to the concluding portion of Professor Tamer's re¬ 
marks, then- was not apace to quote in full the Cunningham reports, 
but the references to those reports would show that the quotations 
made by the author represented the erroneous belief prevailing at 
that time. b 
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FURTHER NOTES ON THE EARLY USE OF 
IRON IN INDIA. 

Com mini CATE o BV H. G. GRAVES (United S&bvice Club, Calcutta). 

At the time when Sir Robert Had field was describing, before 
the Royal Society of Loudon, the “ Early Use of Iron in Ceylon 
and in India,’’ the present author was at Konuruk, where 
he made notes on the subject of the big iron beams found in 
that locality, with the intention of sending a description of 
them to the Iron and Steel Institute. Tho two largest are, 
approximately. 35 foet long by about 8 inches square, and 
251 feet long by 11 inches square, respectively. The latter 
beam bus one end broken oft*, so that its original length is un¬ 
certain, hut the piece, as it now lies, weighs about 9000 lbs 
The end shows its method of construction by welding up of 
blooms, and further particulars in this connection are given in 
this note. 

In these circumstances, the author felt that the accompany¬ 
ing further notes relating to the early use of iron in India 
might he of interest to members of the Iron and Steel 
Institute, and of no loss interest to Sir Robert Hadtield himself, 
as a supplement to his own valuable paper. 

Thorc are three instances in India of very large forged iron 
columns and boams which can ho ascribed to a period prior 
to a.ii. 1000. Tho exact dates of their production are not 
ascertainable with any approximation to certainty, and as 
othor details of their size are not readily available, the 
following notes have been written. 

The best-known example is the iron column at Delhi. 
Roughly, it is 23 feet 8 inches high, and ranges in diameter 
from 16^ to 12 inches. Its weight is estimated at about 6 tons. 
The column at Dhar, in Central India, which is now broken 
into three pieces, is however larger, being about 43 feet long 
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and square, to octagonal, in section of 11 to 10 inches square. 
Its weight may he taken us 7 tons, or a ton heavier than the 
Delhi pillar. The third, and least known, is at the so-called 
Black Pagoda at Kanarak or Konarak in Orissa, possibly the 
most noteworthy of all. as the pieces are so numerous and all 
are of very considerable size. The largest is a rectangular bar. 



r Hi. 1. —Plan of Temple at Konarak. 

25 J feel in length and 11 by 10 } incite in .notion. 1, i, ,,„ t 

but in its present state it turn* .nigh tivor 4 t„„». r h , b 

largest is an unbroken rectangular bar. 35 fact l„ng an,I 7 t„ 71 

inches square. weigh,ng about 0000 lbs. Altogether scattered 

around the temple. are twenty-nino piece, iu ^ 

less than o rnches square in section. Son... „r ,i 

.m'h 5 or ti feet in length, and. could they be n,.tebcd u“'„nM 

probably reanlt in not fewer tban twenty complete be'atns 

The Ikon Pillar at Dhar. 

A full and accurate accmmt of the i,„„ p UUr „ nk , r js 
green by Mr. Henry Consent „n page, o 0 5 lo 212 
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Annual Report, 1902-3, of the Archeological Survey of India, 
issued in 1904 from the Government Press at Calcutta. 
From this Report, which is illustrated by views of the four 
faces of the pillar, the following details arc taken. The pillar 
is in three portions, which aro now scattered in tho town. 
The longest portion is 24 feet 3 inches and is square in section 
throughout; the second is 11 feet 7 inches, of which 8 feet 



—Right-hand bottom corner very cindery and irregular. 

Left-hand vertical aide particularly good metal. 

G inches is squaro and 3 foot 1 inch octagonal; and the third 
piece, 7 feet 6 inchas in length, is of octagonal section except for 
a circular section at one end. 8 inches deep. The octagonal 
section Is very irregular in form. The total longth Is 43 feet 
4 inches, and the average section is 10 J inches square. One 
end of the longest piece, which was originally the base, is 
slightly bulbous, lasing It to 11 J inches wide at 2 feet from 
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the end, while the rest measures 10J to 101 inches. Al¬ 
though the length iB given as 43 feet 4 inches, it is quite 
possible from consideration of the proportions and sizes of 
the octagonal and square portions, that there is a fourth and 
missing piece, which would bring the total length up to 50 feet. 

An inscription, dated in the forty-fourth year of Akbar's 
reign. a.l>. 1600, was engraved on the fallen column, so that it 


7' 



would bo upside down if tho column were re-orected. Inscrip¬ 
tions earlier than this, yet later than the fourteenth century 
hail been engraved the right way up near the foot of the 
column before it fell. 


Upon the masonry basement, where the larger piece reclines, 
are three great rock boulders which were bound together by 
,ron bands and had a socket in the top 20 inches deepen which 
the foot of the p.llar was gripped, The iron bands securing 
them passed through them horizontally, and their pressure 
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was spread over the boulders by vertical flat iron bars, 
inserted at intervals under the bands in slots cut for the 
purpose. 

One curious thing about all three sections is the presence 
of a number of holes at intervals varying from If to 3 inches 
in depth, and in diameter about 1 f inch. They run up each 


Fig. 4.—End View of Beam shown in Fig. 5. 


of the four sides of the square shaft and corresponding faces of 
the octagon. They are too far npart and too irregular to have 
been used for climbing purposes. Mr. Cousens suggests that 
these holes were intended to hold tommy bars for turning the 
mass while it was being forged. One hole still retains, im¬ 
movably jammed in it, the broken end of a bar, while all the 
rest are empty. At the Iwttom end is a hole 3 inches deep, 
which probably fitted over a socket-peg during erection. 
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Fn;. 5. -Plan of Hc*m shown in Fig. 4. 
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The very meagre details of the history of this pillar give 
no clue as to who caused it to be made, or for what purpose 
it was forged. Most probably it was designed to carry an 
image or symbol on the circular neck at the top. and it was 
set up before a temple as a special gift, or as a “ juyastambhn 
or column of victory. The form, with a square base and 
octagonal upper portion, is analogous to columns of the 
Gupta period (date a.d. 320 to 480), but there are no original 


- 7i'- 



inscriptions on the column itself, or sufficiently definite refer¬ 
ences elsewhere, to give a basis for anything but the vaguest 
conjecture. 

The pillar was probably entire in a.d. 1304, when it stood 
at Mandu, some 22 miles from Dhar. It was thrown down 
by the Mohammedans and broken in two pieces. After 100 
years the larger piece was brought to Dhar, about 1403, where 
it was erected, but knocked down and again broken into two 
pieces about 1531. Even these dates are somewhat uncertain, 
and both these and later accounts vary considerably in details. 


1912.—L 
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The Iron Beams at Konarak. 

Although the largest mass of iron at the Black Pagoda 
at Konarak was probably smaller than the Delhi pill&r, 
yet the place is specially remarkable because of the number 
of large beams still existing and lying scattered around the 
building. 


H--- 9 * 

I 



Fig. "-—truemint En«l of Iron Ream al Konarak 


This is hardly the place in which to outer on a disquisition 
os to the age of the temple. That matter has been hotly dis¬ 
cussed from time to time. Fergusson. relying on the comnara- 
live architecture, ascribed it to the latter half of the ninth 
century, but others have placed it u l ate as a d 1241 The 
“ d or the U givj ‘4 Bi.ll 
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Etc;. 8.—Photograph by J. W. Mi-ares o( two iron beams lying on the portico of the 
I Hack Rag.-sla at Konarak. Onssa. The nor against which the walking-stick stand* 
is deeply weathered as if by sand-blast except at the ends. The central line are 
holes with intervening thin bits of metal bridging the sides at the hollow all down the 
centre of the heamsjmto'which a stick can be thrtut. 



Flu. 9.—Top of Beam lying near handle of walking-stick in Fig. 8. 
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Swamp in a work entitled “ Konarka, the Block Pagoda of 
Orissa," published by the Government of Bengal in 1910. 
This work is illustrated by plans, elevations, and photographs. 
He inclines to the middle of the ninth century for the 
inception of the building, and the completion of tho later 
parts in the thirteenth century. In his opinion the temple 
was completed, and its fall was caused mainly by the re¬ 
moval or collapse of the heavy u unit ” forming the top of 
the corbclled-in roofs, which then gradually sank inwards 
and fell. 

Tho temple lies some 20 miles from Puri, which is twelve 
hours by rail from Calcutta. It can only be reached across 
the loose sandy dunes and plains in a jHtli.% or on horseback. 
Riding ponies are not available in Puri except by special 
arrangement. Near tho tom pie there is a small rest-house, 
but very few supplies are available from the small adjacent 
village. Tho traveller has to rely entirely upon what he 
brings with him, so that at the time of the author s visit it 
was impossible to get samples of the iron. Even the camera 
failed to produce more than one picture, and that not of the 
best, so reliance is placed on rough sketches made by the 
author and his friend, Mr. J. W. Mearcs. 

Originally the beams were used as supports under the lintels 
of the doorways and to expedite the oorbelling-in of the roof. 
On a very much smaller scale similar beams can now be seen 
in the so-called garden temple at Puri which is one of those 
accessible to the non-Hindoo public. Full dimensions of 
these beams are given below. 

The Konarak temple has been closed up and filled in with 
masonry and sand to prevent further fall*, so it is not possible 
to say exactly where the beams were originally placed and 
whether there aro any left t» situ. Nearly all the beams 
have been broken by the fall. Some are very heavily rusted 
but many are scarcely affected, or have a very thin and closely 
adherent coating. One beam which is now lying on the 
portico, has evidently been partially exposed for a Ion.- period 
to the sandy winds, for it is worn down at least ,m inch in 
dopth, enabling the defective structure to be seen 

This particular beam and the fractured ends show very 
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clearly that the method of manufacture was by welding up 
small blooms, generally about 3 or 4 lbs. in weight. The 
blooms aro commonly 2 by 1 inch in section, but occasionally 
- by 2 inches or 1 by ! inch, and a common length is about 
ti inches. In a fow cases the blooms may have boon larger or 
the welding was done more effectively. The rough sketches 
appended to this paper show with fair accuracy the relative 
sizes and disposition of the blooms in several beams. Many 




Kig. It).—Bloom in Beam at Konarak. 

of the broken ends show the existence of irregular and some¬ 
times uniform cavities. It is possible to thrust a stick down 
some of them to a depth of 7 or 8 feet, and the sand-blasted 
specimen shows a cavity nearly the whole length of the beam. 
From these hollows, bits of cinder can be raked out. 

The author regrets that he is not a sufficiently good smith 
to say definitely how the blooms were welded in situ, but 
it seetns more than likely that the blooms were welded 
singly, or possibly two or three at a time, on to the end of the 
work. In some places, however, it looks almost as if the 
blooms were welded together in strings to form short bars, 
which were then in turn welded into place. Either method 
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and the large size of the beams would uccount for the very 
defective interior welds. No care has been taken to make 
the blooms break joint, either longitudinally or in cross-section, 
though the longitudinal welds generally show as lap rather 
than butt welds. Externally the beams are well finished, 
though the cracks and lines show where joints were. 

In the illustrations to this note, Fig. 1 is a rough plan, 
reproduced from Bislmn Swarup’s book, of the temple at 
Konarak, on a scale of 12b feet to the inch, to show where 
the pieces of iron learns are now lying. Until five or six years 
ago they were buried by sand drifts, and were moved during 
the excavation and repairs. Figs. 2. 3, 4, 6, and 7 are end 
views of fractured beams, showing roughly the disposition of 
the welded blooms and the defective welds. The lines of the 
welds are perfectly clear, and often show more than traces of 
cinder. Fig. 5 is u plan view of the broken end shown in end 
view in Fig. 4, the corresponding comers being marked 
A B C D in the two views. Fig. 8 is the reproduction of a 
photograph ou the portico (whore three pieces are marked on 
the plan. Fig. 1) showing two complete beams. The upper 
beam is partly cracked across near the handle of the walking- 
stick. It was covered with a thin but closely adherent layer 
of oxide that almost detied removal by scrubbing with sand 
Partly polished, it showed cinder or weld lines as illustrated in 
Fig. 9. Although some of the beams wore so heavily rusted 
that flakes half a foot square and half an inch thick ooidd 
be scaled oft', most of thorn were only superficially oxidised. 
Apart from defective wolds, tho beams are solid masses of 
metallic iron, that, for purposes of sampling, would defy any¬ 
thing short of explosives, an oxyacetylene blowpipe or much 
strenuous work with a hack-saw. The bloom, shown in 
elevation and plan m Fig. 10, was so firmly attached that it 
was impossible to removo it in the absence of tools, but may¬ 
be taken as typical of those used in all the lieams 3 

The beams are nearly all of uniform size, and square in 
section from end to end, varying not more than half an inch 
except at the extreme ends. The greatest variation in size is 
in one beam, which is 7 inches square at one end and increas¬ 
ing to 9 inches square at 3 feet from that end. It is 14 foot 
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long, but the end which is broken off has a section of 8 by 8J 
inches. It iB only in this one beam that there is such a con¬ 
siderable variation in section, and the author is strongly of the 
opinion that there is no indication that the makers had any idea 
of using a greater depth of seotion in the centre of the length 
or of disposing the metal to attain its proper strength. The 
beams are simply square bars, so imperfectly welded that they 
could not have supported very much more than their own 
weight. All the same they are wonderful productions, into 
which labour must have been poured like water, irrespective 
of cost. 

The annexed list, made by Mr. N. C. K. Chaudhuri, the 
district engineer at Puri, shows extensive use of iron in the 
Oundichabari or Garden Temple at Puri. This is the temple 
where the images of Jagganath (Juggernaut) and his brother 
and sister, Balabhadra and Subhadm, are taken on three cars 
for ten days in June or July each year. The list shows the 
dimensions of 239 pieces, ranging up to IT feet long and up 
to 6 by 4 or 5 by 5 inches section. Apparently there is a 
similar extensive use in the main temple, which is not accessible 
to non-Hindus. It is said that the false roof in the tower 
is supported by iron beams, one of which, about 20 feet long, 
fell in 1877 or 1875. 

Tho garden temple is probably contemporaneous with the 
main temple, which was built not later than the first half of 
the twelfth century, and possibly oarlier. The surrounding 
walls, in which the beams are also found, are contem¬ 
poraneous. but the main temple certainly had considerable 
additions up to the fourteenth or fifteenth century. Whether 
these contain iron or not the uuthor is unaware, nor does he 
know whether the great temple at Bhubaneswar (closed to 
non-Hindus), between Cuttack and Puri, contains iron. It was 
built probably in tho eighth century, and from its size and 
style it would ap]>ear to have beams. The smaller temples at 
Bhubaneswar which the author has seen, of somewhat later 
date, do not contain iron to the best of his recollection ; but 
if they did they would not be big pieces. Nor do tho temples 
at Khujaraho, or Khajraho, in Chhatarpur State, Central 
India (also seen by him), which are still later but of the 
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same style (see Fergusson’s “ Indian Architecture ”). In any 
case it may be assumed that from the eighth to the twelfth 
century, and possibly one or two centuries before and after, in 
the Orissa districts there were smiths capable of forging large 
masses of iron in quantities. 


Ikon Beams at the Gundicha-Bari or Garden Temple 

at Puri. 


1. At the Lintel* of Doort in the Outer C-omponwl Wall. 



No. 

Back door . . 

1 


• « • • * 

{ 

i 

Front „ ... 


*J 

2 



2 

M t* • • • 


1 


It 


Length. 

Breadth. Height. 

Ft. In. 

Incbcv 1 nchc-. 

ID 5 

3 1 

7 7 

3 4 

11 S 

3 « 

8 5 

3 « 

n i 

r. 3 

11 H 

5 3 

H II 

5 3 

12 n 

5 .1 


2. At the Lintel* of the Outer Drew of the (Jan ten Tmijle. 
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3. .-1/ the Lintel* of the Inner Door » of the Vnnten Temple. 



No. 

Length. 

Urcailth. 

Height. 


Ft. In. 

Inches. 

Inches. 

12 

17 2 

5 

4 

-i 

10 10 

6 

4 

Ifi 





5. Dr nine Mow Tem/tle. 


No. 

Length. 

Hresutlh. 

Height. 


Fl 

In 

Inches. 

Inches. 

7 

fi 

0 

5 

4 

53 

8 

0 

3 

3 

!« 

2 

0 

3 

3 

17 

3 

0 

3 

3 

2 

l 

0 

3 

3 

1 

1 

0 

3 

3 

18 

2 

0 

3 

3 

112 





" 


































202 GRAVES : FURTHER NOTES ON EARLY USE OF IRON IN INDIA. 


6. Beam* at the Corner of the Temple Room. 


No. 

l-ength. 

lirrjrlth 

Height. 


Ft. In. 

Inches. 

Inches. 

4 

2 w 

3 

2 

4 

t 0 

3 

S 

4 

- (> 

3 

2 

4 

1 0 

3 

2 

ia 









(A) i Vuniber of Beam* at the Lintel» of the Door*. 
Item l . .. 12 



Total ... as 


(B) Jfttmtter OJ Beam* Mow Temple, Billar-liates, ,{r. 

I‘era * . . 

•• 5 . 112 

“ 6 . . 


Total 


141 
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note on some remains of early iron 

MANUFACTURE IN STAFFORDSHIRE. 

Br Pbofesso* THOMAS TURNER, M.Sc. (Univkkmty or Bikmingiiam), 

About a year ago. Mr. Benton, who at that time was in charge 
of the art classes at Bournville, and who is much interested in 
aroliroology, drew my attention to some ancient remains of 
iron manufacture which are met with in various parts of the 
districts around Birmingham, and particularly in the vicinity 
of the site of Little Aston Forgo. The ruins of this forge aro 
situated at a distanco of rather more than a milo to the 
south-west of Shenstono. Its position is indicated by a cross 
on the map (Fig. 1). 

In September 1911. Mr. Benton was good enough to 
accompany me on a visit to the locality, where 1 saw a 
number of lumps of iron, or “ ham-bones." Some of these 
were in heaps, some had been used as rood metal in the 
bye-lanes, and others wore scattered about in various places. 
1 understand from Mr. Benton that a few years ago there was 
a heap containing many tons of such iron, but this had been 
removed since his previous visit. 

Mr. Benton informs me that “ham-bones" were also cer¬ 
tainly produced at the Old VVitton Forge, near Birmingham. 
The site of this forge is now part of Kynoch’s Works, which 
include a corner of the old Roman camp at Perry Barr. 
Sand well Mill, on the river Tame, where it is crossed by the 
lane from Newton to New Inns, is another locality, near 
Birmingham, where “ ham-bones" are to be seen. 

A sample in excellent preservation was found in the farm¬ 
yard of Mr. Grundy near Little Aston Forge, and he was good 
enough to forward it to the Metallurgical Museum of the 
University. I afterwards requested Mr. A. S. Koep to make 
further inquiries into the subject, and the result of these 
inquiries aro incorporated in the following observations. 
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Although iron was undoubtedly produced in Staffordshire 
on a limited scale at a much more remote period, the history 
of the iron trade in the county appears to have begun with 
the dawn of the seventeenth century, or say half a century 
prior to the work of Dud Dudley. It has, however, bocn 
conjectured, from the scoria at West Bromwich and other 
places, that Staffordshire was the seat of the iron trade in the 
time of the Romans. 

It is of course well known thut tho Romans conducted 
iron smelting on a very large scale in tho Forest of Dean and 
other localities, and it is stated that iron was also smelted 
at Worcester, but the ore was probably brought from Coal- 
brookdale. Iron was smelted at Uttoxeter in the thirteenth 
century, and this was possibly in a survival of a very early 
furnace. Iron was also made at Cannock Forest in 1588. 
In 1500 a decayed forge with a chafery existed at Little 
Aston, near Shenstone, but there does not appear to have been 
a furnace there. It is with this ancient forge that we are 
at. present, interested. 

As previously stated, around the site of thus old forge, for 
a considerable area, large quantities of metallic iron have 
been found, the total amounting to hundreds of bins. The 
occurrence of these lumps of iron are so frequent as to be 
a source of trouble to the ploughmen. The lumps or pieces 
are all approximately of the same general shape, and vary 
in weight from about 20 lbs. to half-u-hundrcdweight or more. 
When perfect, each has a round or basin-shaped lower surface 
and a level top, with a projecting piece somewhat of the 
uature of a handle. From their peculiar shape they are 
known locally as " ham-bones,” a name which aptly describes 
their appearance (Fig. 2). 

Samples were taken from several of these *' ham-boncs for 
the purpose of analysis. The metal drilled easily, and tho 
turnings were dark in colour and blackened the skin when 
rubbed on the palm of the hand. At first it was supposed 
that the metal was soft grey cast iron, resembling the 
ancient Sussex iron I have elsewhere described, 1 but it was 
observed that the blackening of the hand was different in 

• Journal of t)u /rvn and Steel InsHtuU, 1903, No. L p. 296. 
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character to that noticed with grey iron, as there was an 
absence of t.ho characteristic plumbago polish commonly 
produced by the graphitic carl »on. 

1 he analysis gave unexpected results, the composition being 
as follows:— 


Analysts of u Ham-hone" from Unit Aston. 


Per Cent. 

Graphitic carl«m . ... 

C'orabiiietl carbon ...... 0'3l 

Silicon ..otB 

Phosphoru*.0'31 

Sulphur.. 

Manganese.. 


It will be observed that the sulphur is extremely high, so 



Fig. 2.—Photograph of - Hunwbonc*' from near Uule Aston, with slac on 
the upper surface. Scale about J. 

high in fact that considerable difficulty was at first met with 
in connection with the estimation. On attempting to dissolve 
in aqua rryta. in the ordinary way, globules of sulphur were 
liberated and flouted to the top of the liquid. Ultimately 
it was found best to treat the turnings with bromine and 
hydrochloric acid, which dissolved the sample and gave 
accurate determinations. ° 

After the high sulphur the most characteristic point to be 
noted in the composition is the very low carbon and silicon 
The material is certainly not cast iron, and it is difficult to 
understand how so high a proportion of sulphur was obtained 
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There is no cause for wonder that the old workers threw their 
" hiun-bones ” away. 

A portion of the slag from the upper portion of a “ ham- 
hone” was analysed, under my direction, by Mr. It. Nevill, 
B.Sc. The results of the analysis are as follows:— 


Per Cent. 

Ferric oxide ....... 56'54 

Silica . 121*5 

Alumina. 7".*2 

Lime ........ 3'2u 

Magnesia ....... 0'45 

Manganous oxide . 0 24 

•Sulphur . 247 

Phosphorus pentoxidr . 0'5I 

Carbon . 1383 

Moisture . . . . . . . .184 

Alkalies . 074 

Not estimated and loss ..... 115 


loop 

Tho metallic iron present was equal to 38'88 per cent. 
On tho outside it was almost completely oxidised to FcjO,; 
tho interior portions contained more or less FeO. The 
presence of carbon, in the form of partly burned fuel, appears 
to indicate that the slag was not thoroughly fluid, or the 
carbon would have been all at or above the surface of the 
slag. In composition this slag is such os would be produced 
in a small hearth or hloomery, and not in a blast-furnace 
making cast iron. 

In order to throw some light on the method of manu¬ 
facture. a photomicrograph was prepared from a sample cut 
from the centre of a “ ham-bone ” (Fig. 3). In the photo¬ 
graph the white ground consists of ferrite, while the darker 
portions aro iron sulphide with patches of pearlite. It will be 
noted that the enclosures of iron sulphido are largely separate 
from oach other. A portion of the material was then remelted 
in a crucible and slowly cooled. The properties of the metal 
were thereby entirely altered, and the material was rendered 
sufficiently brittle to break readily with a light blow of a 
hammer when held in the palm of the hand. The fracture 
showed a beautiful dendritic structure, a photomicrograph 
of which is given in Fig. 4. From this it will be seen that 
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tho brittle iron sulphide, which solidified last, is now largely 
present os a continuous network, and this change of structure 
is doubtless connected with the increased brittleness. 

It may therefore be assumed that the original “ ham- 
bones " wero never really fluid, but that they were accumula¬ 
tions at the bottom of a furnace employed for the production 
or manufacture of wrought iron. Tho shajie of the “ ham- 
bone also clearly suggests that they were produced in the 



FlO. 3.—Photomicrograph of Iron u found, showing large quantity of 
Iron Sulphide collected in pools, and also some I'eurlne. 

Magnified 75 diameters. 

small hearth or l»ottom of a primitive furnace, as the pro¬ 
jecting piece corresponds with a tapping or flowing hole. 
Apparently as soon as the accumulation at the bottom of tho 
furnace reached the height of the tap hole, the process was 
suspended. The iron rich in sulphur was doubtless more 
fluid than the rest of the material; it was thus separated and 
collected in the bottom of the furnace. The motal which so 
collected appears to have boen much richer in sulphur than 
the main product, .md the regulus was thrown away each 
time the working of the furnace was stopped or interrupted. 
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It is difficult to determine the date at which these " ham- 
bones” were made. Thoir period is probably at least two 
centuries ago, and it may perhaps have been three centuries 
or oven more. Thero is. however, so far as I am aware, no 
evidence which would connect them with Koman workings 
other than the fact that they ocour in the neighbourhood of 
well-recognised Roman roads. The original forge at Little 
Aston must have been of much earlier date than 1600, as 



t r,G - 4. —Itun had been ihup.ughly melted and slowly cooled. Sulphide 
completely turrounds the Crystals o ( Iron. 

Etched with Picric Acid. Magnified 75 diameters. 

a lease, from which an extract is given below, states that 
the works were then in a vorv ' Ruynous and latelie decayed " 
state. The “ ham-bones " were, presumably, produced after 
the reconstruction of the forge by Thomas Parkos, as there 
does not appear to have been an iron fumaco at Little 
Aston, though there had been a forge, n chafery, and a 
hammer-mill. It is, of course, possible that the “ ham- 
bones • may have been residues from the working of the forge 
or chafery, or even of some special process of which no record 
lias survived. 

1912.—i. O 
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In conclusion, I wish to take this opportunity of expressing 
my indebtedness to Mr J. Hill, of Perry Bar, for permitting 
Mr. Keep to make extracts from the original lease and for his 
ready assistance in connection with the historical part of the 
inquiry. 


Estraei from L«att, dattd Sejtiemfirr 2SI, 1600. 

Roger Fowke of lytic Aston in Coldfeilde County of Stafford 
gent and Lucye hys wief of thone portiu and Thomas Parkes of 
Wednesburye of the other partie In conson of £40 demises and leases 
for 21 years at aunual rent of 0/8. 

All that the forge C'huferie and Hamer Mill now beinge very 
Kuynoua and latelie decayed scituate and being w’thin the lordshipe 
of lytle Aston aforesaid County of Stafford in a close pasture or 
grounds then comonlie called or knoown by the name of A tiny ells or 
by whatsoever other name or names the same close pasture or ground 
ys called or knowon 

And all that and those poole and pooles, fleame or tleames ami 
trenche and trendies heretofore used os u poole or pooles fleame or 
tioames trench or trenches far the lendinge course Runoinge or 
Conveying® of any water or waters springe* streamer or water 
courses to or for the saied forge Chaferie and Hammer Mill or any of 
them together with all dames staneks and bancks of the same poole 
or pooles aud also the said parcel 1 of land together with all tliat 
parcell or piece of the said close or pasture adjoininge and lying in 
lengthe betwme the said forge Chaferie or Hamer Mill and the 
meadowe called the Hamer meadowe at the one ende and a waie 
leading from a plancked bridge heretofore used for waynes horses 
aud such lik to passe and go over parte of the said poole floame 
or trenche alonge after the cntle corner or a piece of the said 
meadowe called the hamer Meadowe at the other ende and in 
the breadetho betwene the poole flenrne or trenncho descendinge from 
saied bridge to the saied forge Chaferie and hammer mill e on the 
one side and the meadowe aforesaid on the other side 

And also another jiarte of the same parcell called Annyells from 
the waio aforesaid leading from the saied bridge to or right over 
against the next corner of the hedge or dytche hancko of the 
hammer meadow towards the saied bridge and'from the saied corner 
of the same hedge or dytche of saied meadow directlie and straight* 
as convenient-lie maie be over the olde water course now runing 
or descendinge into the said meadowe in and through the said close 
pasture to a lytle Waller or Waller bush whereof the topp« was latelie 
cutt of for a rnarke where now a stake for a marke is set and plnced 
and from thence to another woller or woller hush (top lately cut off 
and stake Arc.) in the hedge or an adjoininge to another meadowe 
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called heymore meadow now the 1 holding or occupation of dyvers of 
th'onhiibytjintf" of Lytle Aston aforesaid 

Power and authoritie is given by Roger Fowke ami his wief to 
Thomas Pukes to Repairs Reedyfie or make new the said Forge 
G'haferie and Hamer Mill and to erecte huilde make and sett 
upp on lamle one or two fynerie or fynerie* and one house or shopp 
commonlio called an Iron House or Iron Shoppe for the kepinge 
and layinge in of iron to be adjoininge to the said forge or Hamer 
Mill and a reasonable or necessary house of two I styes for the 
workmen or servants of the saied Thomas Parkes to dwell in which 
shall work at the saied forge fynerie chaferie or hamer mill or to 
make ponies dams atancks and to ini(iown)le heighen raise and quoire 
up the water and for that putqtose to have digg gett and take in 
sufficient and convenient, turves and clodds but so as not to quarye 
np in parcel or meadow towards nldridge above the rneere marks 
or bounds before mentioned. 

The names of Roger Fowke and Thomas Parkes, which 
occur in this lease, taken in connection with its date, may 
possibly throw light upon the origin of these curious remains 
of ancient iron manufacture. In the reign of Elizabeth, 
timlier for iron-making was becoming increasingly scarce, and 
Acts of Parliament were passed to restrict its use. Dud 
Dudley was horn in, or about, 1599; he was brought from 
Oxford in 1 G19 to take charge of his father's ironworks at 
Pensnett Chase, in Worcestershire. His first patent for the 
manufacture of iron with pit coal was applied for in March 
1G19. He states that he soon succeeded in making “ much 
good merchantable iron" ; and his brother-in-law, Richard 
Parkes of Sedgley, was employed to take the iron from the 
works to tho Tower for the royal use. When his first patent 
expired in 1637, Dud Dudley petitioned for its renewal, and 
was joints 1 in his petition by three others, one of whom was 
" Roger Foulkes, a Councillor at the Temple, and an Iron 
Master and Neighbour.” 1 As tho places at which “ ham- 
bones ” are found aro within an hour's ride on horseback from 
Dudley, may it not be that they arc remains of early attempts 
on the part of Dud Dudley and his friends or competitors to 
smelt iron by means of pit coal ? If so it would explain the 
cause of the early failures of these experiments. Owing to 

1 AdibeM delivered at the Unveiling ol the Rt>tored Memorial to Dud Dudley at 
Worcester, October 11, Ml, by J. Willii Bund. 
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the teniperalure of the furnace boing too low, the sulphur was 
absorbed and retained by the iron, whieh was in consequence 
worthless. All that was necessary in order to ensure success 
was to enlarge the furnaces, as Dud Dudley certainly did, and 
perhaps with the greater heat also employ some limestone as 
flux. Limestone was plentiful at Dudley, but it is not found 
near Little Aston, and its absence may have contributed to 
failure. 
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CORRESPONDENCE. 

Mr. • hru Yount, (Dusseldorf) wrote that Professor Turner might he 
interested to know that he was able to give some indication of the 
kind of furnace in which the “ham-bones" lmd been formed. The 
accom[)Hnying illustration represented an old melting-pot (a |mt for 
the direct production of wrought iron) found at Monchmotseheiwitz 
in Hilesin, a description of which was published by the late Dr. 




Wedding.' It, was interesting) to compare the longitudinal section 
shown in Fig. C with the illustration of the “ ham-bone" in Fig. 2 
of the paper. Mr. Vogel wished also to draw the uuthor's atten¬ 
tion to u paper by Otto QUhausen, 3 in which illustrations of other old 
melting-pots were given. Thirty-two such pots weie found near 
Tnrxdorf in Silesia, on August 5, 1908, within an area of C>8 square 
metres. Altogether a total area of B3.000 square metres was covered 
with similar pots, so that, assuming they were as thickly distributed 
as in the fully excavated area, there must haw been 30,000 to 50,000 
such furnaces. In any case, the remains of an ancient iron industry 

1 StaU uud fitiem. llccrmbrr 1, KSUfi. p. HU. 

* Elsenccwinnune in vorrewhicliiliuhcr Zat,” /.eituknft fur Htkujl.>git, vol. lit, 

t'JW. pp/oo-w. 
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were so numerous at Tarxdorf that the courtyards of houses were 
paved with lumps of sl.ig. That agreed with Professor Turner’s state¬ 
ment whore he said, “ The occurrence of these lumps of iron is so 
frequent as to l>e a source of trouble to the ploughmen.” The method 
of working was probably similar to that described by .1. Morrow 
Campbell. 1 

Professor Turxkk desired to thank Mr. Otto Vogel for his interest¬ 
ing contribution. Though there was a considerable similarity in the 
two processes they did not uppcar to be identical, as the ** ham-bones ” 
found in Staffordshire were evidently made in n furnace in which the 
slagging hole was at. the side and not at the bottom. It would be 
interesting to know the proportion of sulphur in the iron made in the 
uielting-pots described by Mr. Vogel. Arguing from analogy, the 
sulphur would probably be low, while in the Staffordshire “ hain-boue* ” 
the sulphur wan extraordinarily high. That appeared to point to some 
special process or experimental period. 

1 Irm and Coal Trada Ktvinv, April 22, 11M0. i>. fiOe. 
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THE CHEMICAL AND MECHANICAL RELATIONS 
OF IRON, VANADIUM, AND CARBON. 

By J. O. ARNOLD, D.Mkt., and A. A. READ, M.Mkt. 

(PaorE&soa.*. or Mktali.uhgt in hie Univeksjties or Sm.HMt.Li> 

AND Wales RESPECTIVELY.) 

INTRODUCTORY. 

The influence of vanadium on iron and steol was discovered 
by one of the authors in the steelworks of Sheffield University 
during u series of researches carried out from 1891) to 1902. 
The experiments wore made on ingots melted by the Hunts¬ 
man crucible process, and in the acid open-hearth furnace. 
The results were not published in any journal, but were copy¬ 
righted at, Stationers' Hall. The influence of vanadium, per *, 
was not very marked on structural steel, but in the presence 
of chromium, nickel, and tungsten, the results were almost 
magical. On tool steel, pr xe, and with other elements, the 
results were startling. It was pointed out that as the carbide 
residue on dissolving the steol in dilute sulphuric acid con¬ 
tained nearly all tho vanadium, this element probably existed 
in tho form of a carbide, or double carbide; but so far no 
systematic research has been carried out to determine the 
exact condition in which vanadium may be present in steel. 
The present communication is a continuation of the work 
published by the authors in their papors on “ The Chemical 
Relations of Carbon and Iron." 1 “ Tho Chemical and Mechanical 
Relations of Iron, Manganese, and Carbon,"* and ‘The Chemical 
und Mechanical Relations of Iron, Chromium, and Carlton,” * 
and contains an account of a number of experiments made to 
determine : — 


* Transaction j of tko Cktnticol Socuty , 1S94, p. iSS- 

* Journal of Ike Iron and Slot/ Institute, 1910, No. I. p. 109. 
» Hid.. 1911. No. L p. 349. 
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1. The composition of the carbides separated from a series 

of well-annealed steels containing various percentages 
of vanadium, the percentage of carbon increasing with 
the percentage of vanadium. 

2. The mechanical properties of the alloys under static and 

alternating stress tests. 

3. The microscopical features of the alloys. 

Moissan. 1 by heating together vanadic anhydride ami sugar 
carbon in different proportions and at various temperatures in 
the electric furnace, prepared several samples of vanadium 
containing from 4 4 to 18 - 42 per cent, of carbon, 

Moissan also found that, if the heating be prolonged, a 
crystalline and well-detinod carbide, having the formula VC. is 
always obtained, which scratches quartz with ease, and is not 
attacked by hydrochloric or sulphuric acids. 

Nicolardot* * obtained the following double carbides of iron 
and vanadium; from steels with 0‘4 per cent, carbon and 
1-5 per coni, vanadium, FejC.aSfVgC,); from steels con¬ 
taining 0*8 por cent carbon and 10 per cent, vanadium, 
Fe s c,60 (V 4 C,); and from ferro-vanadium with 9 per cent, 
carbon and 32 per cent, vanadium. Fo a C,74(V 4 C J ). Ho 
also states that the carbide ot vanadium becomes richer 
in carbon as the vanadium content of the alloy and the 
temperature of preparation is raised, and points out that this 
increasing amount of carbon found with the vanadium, as 
the temperature rises, confirms the results previously obtained 
by Moissan. 

Guillet* has examined microscopically two series of vanadium 
steels as forged, and has also determined their mechanical 
properties. 

The constitution, the effect of annealing, and the mechanical 
properties of the two series of vanadium steels, are described 
by him as follows:— 


i The EUitrie Furnace, I»M. p. ISO tt uif. 
i Lt I'amatUum. 1900. p. 147. 

* Journal ef I he Inm and Steel intitule, 1806, No. II. p. 13, ^ ludt InduitrvlU 
it, Alhagti Mttalliquel, p. Mi 
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Ccmetitution. 


Groups. 

Microitrociu/u. 

Carbon 0*20 per Cent. 

Carbon O’SO per Cent 

1 

Peaiiilc 

Vanadium <0*7 

Vanadium cO'fi 

2 

Peariite and Carbide 

0*7 < Vanadium <3 

0 5-c Vanadium -c 7 

3 

Carbide 

Vanadium >3 

Vanadium >7 


Annealing as u general rule softens vanadium steels. In 
the pearlitic steels which contain much carbide, the carbon is 
precipitated os graphite, but steels with the carbide show only 
a slight modification. 

Mechanical Properties. —Pearlitic steels have n tensile 
strength and an elastiu limit which rise rapidly with the 
percentage of vanadium; the elongation and reduction of 
area slowly decrease, while still preserving relatively high 
values; the brittleness does not increase; the hardness in¬ 
creases rapidly. 

Pearlitic and carbide steels have a tensile strength and an 
elastic limit which aro lower in proportion as the [xrcentage 
of vanudium. and consequently the amount of the carbide, 
increases; the elongation and reduction of area increase, but 
the resistance to shock diminishes rapidly. 

Steels containing the carbide have high elongations and 
reductions of areas, but they are very brittle. 

Puul Putz* prepared a number of steels, with vanadium, 
increasing to 1‘64 per cent., and carbon increasing to 2 per 
cent. The results of numerous tensile tests, and the examina¬ 
tion of the sections of the steels of this series are described. 
The chemical formula for the vanadium carbide present in 
vanadium steels is stated to be V„C Jt or V^C,,. 

Kent Smith * describes his investigations on the properties 
of vanadium steels, and gives a summary of the eflect of 
different quantities of vanadium on the static qualities of steel. 

Giesen 3 states that it Is very difficult to judge correctly 

' Metallurgy. 1806, p. 861. 

5 Journal of Hu Society of Cheacuol ImUuitry, 190B, p. 191. 

* Journal of Mr Iron and Steel /intitule. Carnegie Sdulartktf Mtmeirt, vol. i. 

law. p. 33. 










218 ARNOLD AND READ: THE CHEMICAL RELATIONS OF 


sections of vauadiutn steels under the microscope, since even 
a low vanadium content is completely dissolved by ferrite, the 
solution becoming saturated when the vanadium reaches 0 - 6 
per cent. Above this quantity the vanadium unites with the 
pearlitic carbon to form a vanadium carbide, which comes into 
prominence as the vanadium in the steel increases. 

Portevin, 1 working on steels containing 0 - 2 per cent, carbon, 
and from 0*6 to 0*7 per cent, vanadium, and also 0‘8 per cent, 
carbon, and from 0’25 to 10 per cent, vanadium, arranges the 
vanadium steels in three groups:— 

lsf Oruup. Pearlitic steels. 

2nd „ Pearlitic and double carbide steels. 

3 rd „ Double carbide steels. 

Hatfield* from his experiments on the influence of vanadium 
upon the physical properties of cast irons, comes to the follow¬ 
ing conclusions, amongst others—that silicon is partially 
prevented from crystallising with the carbide by vanadium, 
and that by the presence of much of the vanadium in the 
carbide, the carbide is rendered more stable. 


Method of Manufacture of the Authors’ Steels. 

The alloys were made by the coke crucible process in 
Sheffield white clay pots from Swedish bar iron, American 
washed iron, and 38 per cent, ferro-varuulium; 0‘05 per cent, 
of metallic aluminium was added to each a few minutes be¬ 
fore teeming. The ingots, 2f inches square, and each weigh¬ 
ing 40 lbs., were cogged and hammered into bars 1$ inch 
round. The bars were heated to about 950° C. for six hours, 
and were allowed to cool during an additional twelve hours. 


Chemical Compositions of Authors' Series. 

The analyses of the steels were made on the last turnings 
from the carbide burs. The results are given in Table I. 

1 Journal of tk* Iron and Steel Institute, Carnegie SckolariUf Memoirs rol. i. 

p.m 

* Journal of the Inn and Steel Institute, J»U, No. I. p. 3]g. 


IKON, VANADIUM. AND CARBON. 


219 


Table L 



Determination or tue Carbides. 

The method and treatment used for separating the carbides 
was the same as described in the authors last paper already 
referred to,' but with this modification, that tho residues were 
dried at 100° C. in a current of hydrogen, the tube being 
pumped out from time to time. The steels dissolved quite 
readily, and with each member of the series vanadium was 
found in the hydrochloric acid solutions; but in most eases it 
was quite unnecessary to test for vanadium, as the electrolyte 
was distinctly blue to dark blue in colour. 

The carbides obtained from Nos. 1315 and 1316, contain¬ 
ing 0-71 and 2-32 per cent, of vanadium, were dark grey ; 
and from Nos. 1309, 1310, and 1312, containing 5‘84, 10 - 30, 
and 13‘45 per cent, of vanadium, slate grey in colour. 

The analyses of the carbides were carried out as follows: 
The porcelain boat containing the dried carbide was weighed. 
About one-half of the carbide was carefully removed and put 
on one sido for the determination of iron and vanadium. The 
boat was again weighed, the carbide well mixed with pure 
manganese dioxide, anil the carbon estimated by direct com¬ 
bustion. The remaining portion of the carbide was intimately 
mixed with sodium carbonate and a small quantity of sodium 
peroxide in a platinum basin, and heated in a muffle furnace. 
Whon cold the mass was repeatedly boiled with water and 

l Journal of tie Iron and Steel Inititute, tUU. No. I. p. 
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filtered. The vanadium in the filtrate was estimated by 
reducing with sulphurous acid and titrating with u standard 
solution of potassium permanganate. Ihe residue on the filter 
paper was dissolved in hydrochloric acid and made up to a 
imown volume. The iron was then estimated by the usual 
volumetric process, using a standard solution of potassium 
dichromate for the titration. The very small quantity of 
vanadium found in the iron solution was determined by the 
hydrogen peroxide colour test. The results arc given in 
Table II. 

A consideration of the results in the foregoing table indi¬ 
cates that in most cases practically the total amount of carbon 
in the steel is obtained os carbide. The slightly lower results 



are not due to any appreciable decomposition of the carbide 
during the electrolytic run. but are accounted for by a slight 
roughness of the bars which prevented the last traces of car- 
bido being obtained. 

The results given in Table II. also show that vanadium 
replaces iron in the carbide, even when the steel contains only 
such a small quantity as 0'71 per cent, of vanadium, with the 
formation of a mechanical mixture of the carbides of iron and 
vanadium corresponding to the formula llFojC-f-V 4 C’ r 

As the vanadium in the steel increases, more vanadium is 
found in the carbide, and with the next inernl>er of the series, 
containing 2 32 per cent, of vanadium, the carbide is repre¬ 
sented by the formula 2Fe„C +V 4 Cj. 

Coming to tho remaining throe steels of the series, with 










222 ARNOLD AND READ: THE CHEMICAL RELATIONS OF 

5'84, 10*30, and 13 45 per cent, of vanadium, in each case 
{practically the whole of the iron has been replaced by vana¬ 
dium, and most probably a delinite carbide of vanadium is 
obtained, corresponding to the formula V 4 < ’ y l 



Fin. 2. 

These results ore shown more clearly in Figs. 1 and 2. It 
will also be noticed (Table II.) that it is possiblo to reduce 
still further this small quantity of iron found with the vana¬ 
dium by digesting the carbide residues with hot dilute 
sulphuric acid. 

Turning Characteristics of the Alloys. 

The report of Mr. J. Harrison. Laboratory Engineer in the 
Metallurgical Department of Sheffield University, on the be¬ 
haviour of the bars in the lathe is embodied in the following 
table, the word tough having reference to the capability of the 
material to curl off in spirals during the turning operations : — 


Steel No. 

Carbon 

Vanadium 

Turning Report. 

A. 

per CenL 

per Cent. 

1315 

°*2 

071 

Tough 

1316 

0 63 

2 32 

1309 

1310 

01W 

107 

5-S4 

1030 

Tough and slightly hard 

1312 

no 

13 45 

Tough ami hard 


l It is theoretically possible that this may he a mixture of vanadium carbides. 
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Mechanical Properties. 

The static results are embodied iu the following table, the 
test-pieces being 2 inches parallel and 0’564 inch diameter :— 


Tahir of TenAU Tent*. 


Steel No. 

A- 

Yield Point. 
Tims 

pcrSq. Inch. 

Max. Stress. 
Tons 

|«r Sq. Inch. 

KJungiiti on 
per Ceai- 

ketiuctiofi of 
Area 
jht Cent. 

131ft 

120 

35 0 

220 

414 

1316 

14-0 

i'&ll 

24*5 

52*0 

KKK> 

17 0 

33 4 

2f>i> 

53*2 

1310 

15-0 

33 7 

230 

31*5 

1312 

180 

371) 

10 0 

9*7 


Since 1300 contains 01*3 per cent. of carbon, it* test tesnlt is remarkable. 


Alternating Stress Tests. 

The dynamic tests obtained under standard conditions on 
the Arnold machine are tubulated as follows:— 


Tahir of Alternatin'/ Tests. 


Stirl No. 

A. 

Alternations Endured. 

1st Test. 

2nd Test. 

Mean. 

1315 

126 

112 

119 

1311*. 

162 

220 

191 

1300 

144 

126 

135 

1310 

94 

144 

119 

1312 

8 

22 

10 


The poor dynamic properties of the series exemplify the 
evil influence of drastic annealing on vanadium steels. 

Micrograpuic Analysis. 

The microscopical examination of the steels leads the 
authors to announce provisionally the discovery of two new 
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constituents—1. Vanadium j>earlite; 2. Vanadium cementite, 
V < C r 

1. Vanadium I'tarliU. 

This constituent socms incapable of segregating into the 
laminated variety, and presents itself only in the troostitic and 
sorbitic forms. Its saturation point Beoms considerably higher 
than that of iron pearlitc, but this point requires further 
research. 

2. Vanadium Cementite. 

This constituent (a decomposition product of vanadium 
pearlite) is not nearly so mobile as Fe s C, and consequently 
segregates into relatively minuto irregular masses very much 
smaller than massive iron cementite. 

The micrographic analysis has proved—almost beyond 
doubt—-that there is no double carbide of iron and vanadium, 
since when Fe s C and V t C s are together in a well-annealed 
steel the former has segregated as usual, whilst the latter 
has remained distributed in its ]>earlite in the troostitic or 
sorbitic form. 

Micrograph No. 1.—In this structure was found («) a pale 
ground-mass of slightly vanadifenms ferrite; (h) a fow areas of 
laminated iron pearlite; (c) the Fe„C of decomposed laminated 
iron pearlite in the form of cell walls and irregular masses; 
(rf) dark etching troostitic vanadium pearlitc; (e) loss-dark 
etching areas of sorbitic vanadium pearlite. This section con¬ 
tains O'G per cent, carbon and 0 71 |>er cent, vanadium 
(Plate XXII.). 

Micrograph No. 2.—This steel presents a very confused 
structure in which vanadiferous ferrite and vanadium pearlite 
in both the troostitic and sorbitic forms have segregated very 
imperfectly in spite of the twelve hours cooling. The only 
well-defined constituent is the iron cementite which has readily 
segregated in meshes and masses, but is distinctly less in 
quantity than that in Micrograph No. 1. The steel repre¬ 
sented contains 0’63 per cent, carbon and 2-32 per cent, 
vanadium (Plate XXIII.). 

Micrograph No. 3.—This section consists largely of sorbitic 
vanadium pearlite. overlaid, however, by irregular meshes 


Plate XXII 



Micrograph No. 1. 

Carbon. 0 G0 per Cent; Vanaiiiuro, 071 per Cent. 
Magnified 400 dtiuneu-fs. 







Plate XXIII 



MlCKOnnAPH No. 2. 

Car Urn. 0S3 per Cent. ; Vanadium. 2S2 per Cent. 
Magnified 4.V) diameter*. 











Plate XXIV 



MlCKOGIAPH No. 3. 

Carbon. 0U3 per I 'em.; Vanadium, 51*4 per Cent. 
Magnified 450 diameters. 















Plate XXV 



VfirxoGKArii No. 4. 

Carbon, 1 -JO pet Cent.; Vanadium, 13'45 per Cent. 
Magnified 450 diameters. 
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apparently of vanadiferous ferrite. In other words, the steel 
is not saturated. It oontains 0‘93 j>er cent carbon, and 5*84 
per cent, vanadium (Plate XXIV.). 

Micrograph No. 4. — This contains MO per cent, carbon, and 
1 .->'45 per cent, vanadium. It is almost identical in structure 
with steel No. 1310, which contains l*07 per cent, carbon and 
10-30 per cent, vanadium. The ground-mass is vanadiferous 
ferrite, over which are scattered small segregated irregular 
uiasses of vanadium cementite, V t C 8 . Eacli particle is 
environed by a somewhat dark border of probably sorbitic 
vanadium pearlite, and small patches and streaks of this con¬ 
stituent arc also scattered over the field. The mobility or 
segregative capacity of V 4 C S obviously increases with the per¬ 
centage of vanadium present in the ferrite (Plate XX V y 


Recalescexce Observations. 

Steel No. 1316. — Carbon. 0'63 per cent. ; Vanadium, 

2-32 per cent. 

Cooled from 1020° C., this steel did not present the point 
Ar3. Ar2 appeared at 791° C. and Arl at 720° C. This 
latter point was very small for a 0 63 per cent, carbon steel. 

Steel No. 1310. — Carbon, 1 *07 per cent. ; Vanadium, 

10'3 per cent. 

Cooled from 1210° C., this steel failed to present the point 
Ar3. Ar2 presented the top peak at 830° C. and the lower 
peak at 816° C. Arl was quite absent. On heating, the 
maximum absorption at Ac2 was at 826° C. Acl was absent. 


Quenching Experiments. 

Samples of steel No. 1310. carbon 107 per cent., vana¬ 
dium 10-3 per cent., were rapidly quenched from tho following 
temperatures: 850° C., 1000* C., and 1050° C. All after 
quenching were quite soft to the die. The authors provision¬ 
ally draw the following conclusions :— 

1912.—i. P 
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(a) That the point Arl, marking the formation of vanadium 
pearlite from vanadium hardcnitc, must be between 
1200° C. and 1400° C. (the latter being about the 
solidification point of the steel). When quenched in 
water from about 1300° C., steel No. 1310 was quite 
hard, stripping a now file. 

( i) That although the steel lie quenched in the beta range 
of temperature, it is still quite soft. 

(e) That tho above conclusions, when fully confirmed, will 
form direct proof of the correctness of the views so 
long held by Professor Le Chatelier, Sir Robert 
Hadtield, Dr. Me William, and the authors, that the 
hardening of steel is brought about by carbon in somo 
form irrespective of the range of temperature. 

Further experiments have rosulted in the discovery of 
vanadium hardenite, which is formed near 1400° C. It 
resembles iron hardenite but seems as hard as topaz. 

The authors have to thank Mr. F. C. Thompson, B.Met., 
Demonstrator of Metallurgy in Sheffield University, for his 
services in carrying out the foregoing experiments. 

In conclusion, the authors have to tender their thanks to 
Mr- F. K. Knowles, B.Met, Senior Lecturer in Metallurgy at 
the University of Sheffield, for much valuable help in making 
the steels and mechanical tests; also to Mr. Duncan Maxfield, 
Associate in Metallurgy of Sheffield University, for the patience 
and accuracy of his work connected with the chemical branch 
of the research. Finally, the authors have to thank Mr. 
E. Colvcr-Glaucrt, Research Assistant in the University of 
Sheffield, for his exquisite micrometric reproductions of the 
four typical micrographs illustrating this paper. 1 

The authors hope at no distant date to report to the 
Institute on the chemical and mechanical relations of iron 
carbon and nickel. In view of a suggestion made at the last 

• The term " sorbitic," as used in this paper, has reference to pearlite. in which the 
carbide, although in a fine state of division, is nevertheless within tile range of micro¬ 
scopic vision. 

The term ' • trocatitic ” has reference to pearlite, in which the carbide is in a state of 
division so fmc as to be beyond the range of microscopic vision. 
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Muy meeting of the Institute by their friend Dr. Stead, the 
authors wish to state that the absorption and recalcsconce 
curvos of the steels dealt with in all their carbide researches 
will be included in a special paper as soon os possible after 
the unique recalescence laboratory now being fitted up for the 
Sheffield University by the Cambridge Scientific Instrument 
Company is available for work. 


DISCUSSION. 

Mr. E. H. Samter, Hessemer Medallist, said he had read Professors 
Arnold and Read's pajter with great interest, and it seemed to him 
that an exceeding interesting point had been brought out. 

In the same connection it was interesting to recall the authors’ 
paper on chromium carbides, and also Mr. Moore’s* on the A* point 
in chromium steels. The authors’ previous paper went to prove that 
the chromium carbides existed as doublo carbides, and now the present 
paper pointed out that vanadium carbide was only a mixture with 
iron carbide. 

On the last page of the paper the authors remarked that the 
recalescence point at 720° seemed only a small one for a 0 63 per 
cent, carbon steel. That seemed only natural, however, as only the 
carbide of iron would react, the vanadium carbide being inert at the 
temperatures used, and to obtain the benefit of the vanadium in such 
a steel it would be necessary to heat up to the solution point of the 
vanadium carbide. 

In that connection it would be interesting to know if, in a chromium 
vanadium steel, the vanadium carbide formed a double carbide or not. 
aono , ln , lli8 proved that the Ar w point moved up to 

S-U U, while the A s point remained stationary at 760° C. It seemed 
to him that, the authors had discovered a similar phenomenon in con¬ 
nection with vanadium carbide at about 1300°. The paper was a very 
interesting one, and might lead to very important developments. 

Dr. P. Rogers (Sheffield) said there were some very important 
matters mentioned in the Appendix to the paper, but until all the 
data on which the authors founded some of those conclusions were 
available, it would be very difficult to discuss them. In the first 
place, he would like to know what meaning the authors attached to 
Ac, in that instance, because he (Dr. Rogers) also remem¬ 
bered Mr. Moore’s paper, which showed that the relative fiositions 
of the recalescence points were altered in certain chromium steels. 
It was usual to call the magnetic change point Ar, and Ac r Was 
that the case with the authors’ experiments < Again’ what was really 

* 'j Th,e *2 P ° im “ Chromianl SlacU," Journal /A, /r»„ amt Stttl ImttluU, 1910. 
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the /3-range in that case 1 Professor Arnold used the twm /3-range, 
and be was the only observer who did, and it was necessary to know 
what he meant in that instance. It seemed to him (Dr. Rogers) that 
the authors really opened up again the allotropic verxu s carbon contro¬ 
versy. The real point in that controversy was that the allotropists’ 
explanation of the hardening of carbon steels was not only that iron 
carbide was retained in the form of solution, but also that /3-iron was 
hard. That hard /3-iron theory was really only an encumbrance, 
and he did not think anybody had attached much importance to it for 
some years as an explanation of the liardening of carbon steels. It 
was necessary first to perfect the theory of carbon steel before a reli¬ 
able theory of alloy steels could be elaborated. In passing from carbon 
steels to alloy steels, it appeared to him that the very strongest support 
of the allotropic theory was found in the study of the gradual ami 
continuous modification of the properties of the steels as the amount 
of alloy was progressively increased. That was shown very clearly 
in some of the authors' curves, which indicated the gradual elimination 
of iron carbide. The mere fact brought out by the authors that then* 
was hardening by retaining vanadium carbide in the form of solution 
was simply an intrinsic property of vanadium, and did not upset the 
allotropic theory at all. On account of that fact new critical points 
occurred in the vanadium steels, and those must have new names. It 
was rather confusing to give them the names Ar. and Ac,, and so on ; 
they should have names of their own which would suggest that another 
phenomenon was occurring at those critical points, and then it could be 
ascertained which, if any, might properly be designated the /3-range. 
He expected that the so-culled /3-range in the puper would have to be 
revised. 


Dr. Waltkb Rosen n aix (Teddington), regarded Professor Arnold’s 
papers with great interest, but, as might be expected, that interest 
was accompanied by a good ileal of disagreement. He thought that 
those studies of the ternary alloys were of the highest importance, and 
ho hoped that what he had to say in criticism would not be regarded 
as depreciating in any way the value of that work; he wished to 
express his admiration for certain parts of the work, although he dis¬ 
agreed strongly with other parts. First, as regards cementite and 
hardenite, he would ask, Wliat was hardenite! That was a term he 
did not know, in the sense that he had never seen any satisfactory 
definition of it. W hen Professor Arnold came forward with an 
equilibrium diagram of the iron-carbon system, and a definition of 
hardenite consistent with such a diagram and with the known 
laws of heterogeneous equilibria, metallurgists might be expected 
to take Professor Arnold’s terms seriously. Dr. Rosenhain himself 
could not accept a term until it was defined in that way, although, 
on the other band, he did not wish to suggest that Professor Arnold 
should be coerced into using termB of which ho disapproved; but 
he could not see why, if Professor Arnold agreed with the idea that 
steel above the recalescence points was in tho state of a solid solu- 
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tion, he should apply a term to it different from that which was 
almost universally accepted. Now Professor Arnold went further, 
and introduced the term “ vanadium hunlenite," making confusion 
worse confounded. He thought that a strong protest was needed 
against the introduction of such terms as “ vanadium hardenitc " and 
‘‘vanadium cementite" without a perfectly sound nnd satisfactory 
definition. He quite realised that these two constituents re¬ 
quired a name, but surely cementite anil pearlite were terms so 
well known and well defined that he did not think that it tended 
towards clearness if a new constituent of a totally different con¬ 
stitution (VjCj) were given a corresponding name. He thought that 
“ vanadium carbide ” would meet the case perfectly well, or some 
other purely descriptive name. When it came to “ vanadium 
pearlite," he thought matters were rather worse, because that name 
suggested that the new constituent was in diameter and mode of 
origin similar to pearlite; yet on Professor Arnold’s own description 
the similarity was to sorbite rather than pearlite. Before the term 
" vanadium pearlite ” could be accepted, it would have to be shown that 
the constituent was the result of the decomposition of a solid solution 
on analogous lines to that by which pearlite was formed. He would 
like to ask Professor Arnold whether, so far as his results had gone, 
he had nny evidence to show that in the case of his ** vanadium 
pearlite,” there were any reactions equivalent to those which occurred 
when iron carbide was deposited from solution at the recalescence 
point ? \\ hen the freezing point of vanadium steel and the tempera¬ 

ture at which Professor Arnold suggested that ‘‘vanadium pearlite’’ 
was fanned were knowu, and the reactions accompanying that forma¬ 
tion had beon studied, the resulting substance might l*e shown to be 
analogous to pearlite; but ap|»urently at the present stage Professor 
Arnold was not in a position to say, so far as his published data wore 
concerned, whether that vanadium constituent was really separated 
from a solid solution at all, or whether it was deposited direct from 
fusion. 

He wan much interested in one statement, namely, that the con¬ 
clusions, “ when fully confirmed, will form direct proof of the correct¬ 
ness of the views, so long held by Mr. Le Cbatelier, 8ir Robert 
ltadfield, l>r. McWilliom, and the authors, that the hardening 
of steel is brought about by carbon in some form irrespective of 
the range of temperature." It came as a pleasant surprise to 
him to find that there was a theory upon which Professor Arnold 
and .Mr. Le Cbatelier had agreed far any considerable time past. 
He felt it a little difficult to believe in such a theory, although 
it was sufficiently vague to be subscribed to by most metallurgists, 
since no man who had studied the metallography of steel would dis¬ 
pute the fact that carbon had something to do with hardening. 
Whether fi -iron played a part in hardening or not was open to 
discussion, and if Professor Arnold’s experiments proved that it did 
not, he would he very well pleased to have the matter settled. There 
were, however, difficulties in the way of accepting evidence obtained 
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from & steel containing 10 per cent, of vanadium as bearing upon the 
functions of /J-iron in carbon steels. Thus he would like to associate 
himself with Dr. Rogers, and ask Professor Arnold wlint justification 
he had for calling those recalescence points in vanadium steel Ar. 1 
It was, of course, quite true that they occurred somewhere near the 
temperature characteristic of Ar, in carbon steels ; but, on the other 
hatnl, there was so much carlion present in those alloy steels that they 
would lie outside the range in which Ar., is found as an independent 
point in carbon steels at all. Secondly, he (Dr. Rosenhain) did not 
think that the argument derived from the behaviour of vanadium 
steels quenched above or below that recalescence point bore directly 
on the question of the part played by /i-iron in the hardening of 
carbon steels. 

He hoped that the vigour with which he had controverted Pro¬ 
fessor Arnold’s views would be regarded as evidence of the interest 
that he had taken in the paper, and that Professor Arnold would 
appreciate it in that sense. 

Dr. J. E. Stkad, F.R.S., Vice-President, congratulated the authors 
upon the immense amount of very useful work they lmd done. The 
time and pains required in separating, analysing,* and determining 
the mechanical properties of the alloys must have been enormous. 
The question as to whether the carbides which separated on annealing 
simply passed, as such, into solid solution, was one which should have 
further consideration. Apparently the authors had not attempts! to 
separate the carbides from the hardened steels, lie would like to 
know if the authors had determined the mechanical and eh*ctrical 
properties of those alloys, as that information was necessary before a 
decision could bo arrived at as to the significance of the critical points. 
It was possible that, in alloys of that kind they might represent some¬ 
thing entirely different from the corresponding arrests which occurred 
in pure carbon steels. He thought, perhaps, it was somewhat inadvis¬ 
able to call the hard substance produced by quenching alloy steels by 
the term hordenite, even if qualified by a prefix, such as vanadium, See. 
Hardenite had been defined specifically as approximating to the com¬ 
position FcjjC, and it seemed to him inadvisable to apply the term to 
a substance of entirely different composition. 

Mr. C. A. Edwards (Middlesbrough) said there had been so much 
destructive criticism, that he would deal only with what ho regarded 
as the points of real importance brought out in that juaper. The dis¬ 
covery that the udditiou of vanadium to inm-carlwn alloys raised the 
temperature at which the Ar, critical (>ointa occurred was very 
interest ing, and so far as he (Mr. Edwards) was aware, it was the first 
known case of its kind. There seemed to be no possible reason for 
doubting that the authors were com-ct in their interpretation of what 
they described as the Ar, point, since the double carbide of iron and 
vanadium did not go into solution unites the metal were heated to 
about 1200° C., and therefore could not have any influence upon the 
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temperature at which the Ar, point took place. In view of the fact 
thut vaimilium was now widely used In “ high speed steels," he (Mr. 
Edwards) would like to usk the authors what they considered to be 
the theoretical effect of that element upon the thermal changes of 
such steels? 

Professor T. Tubseb (Birmingham) referred to the fact that the 
authors apparently regarded iron carbide as existing at high tempera¬ 
tures. That was a view he luul always taken, and was still inclined 
to take; but there was one important experiment made some years 
ago by one of Professor Arnold’s old students who was working at the 
time in his (Professor Turner’s) laboratory, 1 in which he took a speci¬ 
men of luird steel and placed soft steel ou either side. He then placed 
it in a tube, and exhausted the tube. He then heated the specimens, 
ami found that the carbon migrated from the hard steel to the soft 
steel outside, as was to be anticipated; but he weighed the samples and 
found that the amount of carbon gained by the pieces outside was 
exactly the same as the weight lost by the piece inside, so thut there 
was an actual gain of carbon and not of iron and carbon. If the iron 
carbide were in entropy at that temperature it ought to have passed 
out of the high-carbon steel into the low-earbou steel, with a difference 
in weight to that due to the carbon alone. He had intended to give 
notice of that question, and if Professor Arnold was not prepared to 
answer it now, perhaps he would answer it later on. It seemed, at all 
events, ut first sight, to prove that carbon existed in the free form 
at that high tem|ieruture, and yet that was not what, he (Professor 
Turner) was inclined to believe. 

Mr. W. H. Hatfield (Sheffield) said that, after all, new facts were 
what the Institute really desired with regard to the chemical rela¬ 
tions of iron, vanadium, and carbon. Like other papers in the same 
series which Professors Arnold and Head had published, the new 
paper contained much new data, which was likely to prove of value. 
He would like to ask the authors one question, and that was os to the 
oxistence of a double carbide of iron and vanadium. Last year he 
(Mr. Hatfield) rend a paper on the influence of vanadium upon the 
stability of iron carbide, and Professor Arnold, in the present paper, 
now stated that “the micrographic analysis has proved—almost 
beyond doubt—that there is no double carbide of iron and vana¬ 
dium. . . .’’ If Professor Arnold would refer to his (the speaker’s) 
micrographs, published last year, he would find that the carbide itself, 
with increase in vanadium content, became more stable with increased 
temperatures, and was not as liable to dissociate. That rather pointed 
to a double carbide existing in the particular specimen, and the parti¬ 
cular conditions under which he examined them. 

1 G. P. Royitoo, Journal 0 /lit frvm and Stal Initituit, 1SU7, No. I. p. 172. 
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CORRESPONDENCE. 

Dr. F. Rogers (Sheffield) wrote that upon studying the authors’ 
data from the point of view of solution theory two or three very im¬ 
portant conclusions seemed to be indicated to which attention had not 
beon directed in the paper. It was au almost inevitable consequence 
of adopting the solution theory standpoint, that he also adopted the 
ollotropic view of the constitution of steel, but he would emphasize 
the reservation which he had made in the discussion, namely, that 
he considered as supertluous the conception of the hardening of carbon 
steels as being partly dependent upon any hardness of /3-iron. He 
would endeavour in the following remarks to avoid controversial 
nomenclature so far os was consistent with lucidity. The principal 
conclusions he would draw were:—(1) Vanadium and iron formed n 
series of solid solutions with one another which was probably un¬ 
limited. (2) Vanadium carbide (V.C,) was probably soluble in molten 
iron, and quite, or nearly, insoluble in solid iron. There was no 
evidence to show whether some degree of difference was caused if the 
iron earned some vanadium in solution. (3) Carbon had a stronger 
affinity for vanadium than for iron, since, with increasing vanadium, 
vanadium carbide tended to preponderate and iron carbide to dis¬ 
appear, and with 0'93 jier cent, carbon aud 5’84 per cent, vanadium 
(steel No. 1309) there was no iron carbide at all. Since those numbers 
were almost proportional to the quantities demanded by the formula 
^ 4 ^,, it appeared probable, and it would lie a fundamental point 
requiring confirmation, that in a steel with lower contents of carbon ond 
vanadium, but bearing the same ratio, about 1:6, the carbon would 
all be combined with vanadium an.l none of it combined with iron. 
Although those conclusions were partly based upon the critical point 
observations recorded by the authors, it was necessary to have stated 
those conclusions first in order to make the following remarks about 
the critical points more clear. (4) The exact effect of vanadium in 
r-olid solution in iron upon the critical points would l>e difficult to 
determine. If A, was affected at all, it was raised slightly by the 
presence of vanadium. A. was probably raised slightly,'and A. 
lowered slightly. (5) The effects on the points A„ A„ A., due to 
the presence of vanadium carbide, were exactly and only the indirect 
action of gradual deprival of iron carbide of ita'cnrbon in favour of the 
formation of vanadium carbide; that was. A, and A„ corresponded to 
A, and A, of a carbon steel which contained the same amount of iron 
carbide, and A, was also otherwise unaffected. (6) The critical tem¬ 
peratures were thus dependent ou conclusions (4) and (5) jointly and 
it wai seen that that led to some important positions. Of thosV one 
of the moat important was that in steels in which the ratio of vana¬ 
dium to carbon content exceeded about 6: l, the critical points A„ 
A* A would be much the same as in pure iron, namely, A, alrsent, 
A; well marked, A, rudimentary. Those points would be shifted iu 
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accordance with the amount of excess vanadium in solid solution in 
iron, as stated under conclusion 4. 

Those remarks implied that he (Dr. Rogers) did not consider that 
in the vanadium steels there was any evidence that A, or A 3 was 
raised up to 1200° to 1400° 0. It was yet on open question whether 
the phenomena occurring at the high temperatures mentioned were 
related to the completion of solidification or occurred in the solid 
state; but the condusion embodied under (2) seemed the most pro¬ 
bable explanation. Thus, on chilling from a temperature slightly 
above a certain line, probably representing a constant temperature of, 
say, 1300° C., vanadium carbide was retained in the form of solution 
in iron, and the steel was hard. Apart from the question whether 
that temperature was below the temperature of complete solidification 
or not, that phenomenon was thus closely analogous to the changes 
bccurring at the A, and A a points in carbon steels, but was distinctly 
not tbo same phenomenon shifted up to a higher temperature by the 
presence of vanadium. If tho hardening was brought about entirely 
in the solid state, clearly there must be a new critical point or poiuts 
at that high temperature, which would be neither A. nor A s , and 
admittedly was not A,. But it was more probable that that hardening 
temperature was the solidus, in which event it would not require a 
special name. 

It would be seen that the foregoing explanations would justify the 
criticism which he (Dr. Rogers) made in the discussion of the authors' 
use of the term u fi- range." Whilst the comparison with the case of 
chromium steels could not be carried for, it was only used to show that 
since the relative positions of critical points might change, the signi¬ 
ficance of a range between two given critical points being subject to 
special interpretat ions, according to the case. Referring to tbe state¬ 
ment that steel did not harden when quenched from 850° C. because 
it contained no iron carbide, its behaviour was that of iron with a 
little vanadium (about 4'5 per cent.) dissolved in it, and bolding also 
some small grains of vanadium carbide, but uot in solution, at the 
quenching temperature. 

Professors Arnold and Read, in replying to the discussion and 
correspondence, wrote tliat they quite agreed with Mr. Suuitcr thnt 
the upward movement of the point Ajj, noted by Mr. Moore as due 
to chromium, was of a similar nature to the enormously greater 
raising of the point observed by themselves in the case of vanadium. 

In reply to Jlr. Rogers, the authors were under the impression that 
the term “ range " was well understood. For instance, in a 0-2 per 
cent, carbon steel tho Ar lf Ar s , and Ar 3 transformations had a certain 
amplitude, and the temperatures included between the end of one 
amplitude and the beginning of the next was obviously a “ range,' and 
theoretically one got three ranges, viz. tbe a-runge below the begin¬ 
ning of the amplitude of Acj, the fi -range from the end of the ampli¬ 
tude of Acj to the beginning of the amplitude of Acj, and tbe y-range 
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above the end of the amplitude of Ac*,. With reference to the nomen¬ 
clature of the three now constituents discovered by the authors, with 
all due deference to Drs. Rogers, Rosonhaiu, aud Stead, the authors 
humbly claimed the right to christen their own children and proposed 
to exercise it. Of course those gentlemen, after their wont, could 
alter the authors’ terms for their own purposes and call the new 
constituents by any name they pleased. Dr. Stead had kindly mapped 
out further work for the authors, and no doubt such work was desir¬ 
able, but the authors would respectfully suggest to Dr. Stead that a 
little practical help was worth a world of advice. I)r. llosenhain and 
his somewhat slavish adherence to equilibrium curves did not appeal 
to the authors, since as practical men their faith in such curves fell 
far short of that of Dr. Rosenhain. Dr. Hagers did not consider 
there was any evidence that the point Ar, was raised much. Then 
where was it? It certaiuly did not present itself in a 1 per cent! 
steel high in vanadium between 530' and 1250" C. Mr. Edwards 
was much nearer the mnrk when he recognised that the new fact* 
pointed the way to a correct theory, explaining the extraordinary 
properties of high-speed steels. With reference to Mr. Royston’s 
results, Professor Turner was not inclined blindly to accept them, and 
in that respect his views were coincident with those of the authors, 
since they had never been confirmed. 

Finally, the authors wished to reiterate for the benefit of Dr. 
Rosenhain that tho coincidence of their views with those of Professor 
L« Chatelier as to the cause of the hardening of steel being due to 
carbon aud a-iron were widely known. 
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NOTES ON THE SOLUBILITY OE CEMENTITE 
IN HARDENITE. 

Bt JOHN OLIVER ARNOLD. D.Met., 

AND 

LESLIE AITC1IISON. M.MET. 

(Sheffield Town Tkl-st Rkseakch Fellow, and Demonstkatok of 
Metallukcical Chemists* in the Usivsssmr of Sheffield}. 


For the purposes of this research the following stools wero 
prepared by tho crucible process:— 


Steel No. 1291. 


This was cast into an ingot If inch square and hammerod 
down to f inch round. 

It was slightly supersaturated, containing— 


Per Cent. 


Carbon. 11150 

Silicon. 0 04fl 

Manganese ....... OTOO 

Sulphur ....... 04)23 

Phosphorus.. 04112 


.Steel No. 1290. 


This was experimented upon as cast. It was a well super 
saturated steel containing — 



Per CenL 

Carbon . , 

. . . . 1 400 

Silicon .... 

. . . . 0040 

Manganese . . . 

. . . . 0100 

Sulphur . . . 

04)25 

Phosphorus . 

. . . . 04)12 


Method of Heating and Quenching. 

Fig. 1 shows full size duplicate sections prepared for 
quenching. MM are the two rnicrosections attached by 
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narrow necks to the main body of the steel which contains o 


S 5 



Fig. L— Full site. 


recess C for the thermocouple. Tko wholo is loosely sus¬ 
pended in the bath by the wires. SS. Fig. 2 shows the 


R 



Fin. 2. Sectional Sketch of Hatting Apparatus. 


general heating arrangements. FF is a gas-furnace heating 
the salt-bath crucible, BB. This contains a mixture of 
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barium and calcium chlorides, together with a littlo potassium 
cyanide. The rod, R, is attached to the suspension wires and 
enables the pieces to be moved about to ensure equal bath 
temperatures throughout. The narrow quartz tube, TC, 
contains the thermocouple. The leads pass to the cold junc¬ 
tion, CJ. and thence to a Le Chatelier pyrometer reading to 
1° C. The quenchings, made in an ample tank of cold water 
and brine, did not occupy more than one second. 


Absorption Curves. 

Stool No. 1291 presented the maximum of the combined 
point Ac 1, 2. 3 at 727° C. Steol No. 1290 presented the 
point at 728° C. 


Preparation of Microsectioxs. 

The pair of sections were broken of!' through the attaching 
necks, and of an inch was ground (with every precaution) 
from the faces of the sections. These were polished on emery- 
paper and finally on a rapidly revolving block charged with 
water and fine alumina. They were etched oither with a 
6 per cent alcoholic solution of picric acid, or with 1 per cent, 
nitric acid solution os most convenient, and were then dried, 
examined, and photographed. 


Remarkable Quenching Phenomenon. 

Rapid as was the quenching, it was found, nevertheless, 
that although the circumferences of the sections were probably 
trapped in the condition in which they existed at the quench¬ 
ing temperatures, the centres had been let down more or less 
completely to troostitic material by heat conducted from the 
mass of the steel through the necks to the microsections. 

The 1-05 per Cent. Carbon Steel No. 1271 (Forged). 

The normal section of this steel consisted as usual of 
pearlite dotted over with irregular patches of cementite. 
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When quenched from 741° C. the cementite does not seom to 
have dissolved in the hardenite to any great extent. Plato 
XXVI. shows the section well etched with nitric acid. The 
white cementite patches are clearly visible, whilst the dark 
etching hardenite shows an indefinite granularity. 

Quenched from 750° C., etched with picric acid, the mass 
is nearly all structureless hardenite, only a few pieces of dark 
cementite (due to reflection) remaining undissolved. (See 
Plate XXVII.) 

Quenched from 755° C., etched with nitric acid, tho whole 
of the cementite appears to have passed into solution. The 
whole moss is a dark etching substance consisting of austenitic 
hardenite presenting an indefinite granularity. (See Plate 
XXVIII.) 

Note. — The above three sections were all kept at the 
temperatures specified for a period of fifteen minutes. 

The 1*46 per Cent. Carbon Steel No. 1290 
(as Cast). 

Tho section as cast consisted as usual of pearlite with 
sectional triangles marked out in cementite, indicative of 
cubic crystallisation. Plate XXIX shows a section heated up 
to 750° C. and quenched. The pearlite hns changed to har- 
denite, but the cementite (dark etching) remains in situ, 
apparently little changod. 

Quenched from 810° C.—This section shows light streaks of 
comontitc still undissolved and white patches of austenitic 
hardonito on a dark ground-mass of troostitic material " let 
down ” from hardenite in the manner previously described 
(See Plate XXX) 

Quenched from 868° C.—This section much resembles the 
last, except that more cementite has dissolved. (See Plate 
XXXI.) This section was kept at tho temperature named for 
twelve minutes. 

Quenched from 942° C. after being kept at that temperature 
for fifteen minutes. The cementite has entirely dissolved 
(in fact the solution seems complete for this carbon about 
920° C.) and the ground mass is austenitic hardenite, showing 
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bore and thoro a martensitic structure. This section shows 
also very well the formation of troostitic areas from a series 
of centres owing to the heat traversing the neck from the 
main body of tho steeL (See Plate XXX1L) 

Theoretical Considerations. 

In presenting this preliminary noto the authors wish to 
point out that during a research, involving the preparation of 
about 250 microsections, it has been clearly proved that the 
change of pearlite into hardenite occurs during a range of 
temperature not exceeding 3° C. In other words. 13 per 
cent, of B, Fe s C, dissolves in or feebly combines with iron 
very rapidly, whereas say 10 per cent, of A, or cementite 
carbide proper, requires, as has been shown, a range of about 
190“ C. for its complete solution. 

Hence, it is a subject for serious consideration. Is not the 
diffusion of A. carbide, into hardenite a normal act of solution, 
whilst the diffusion of B, cementite, into iron is rather of the 
nature of a reduction, producing a lower compound (har¬ 
denite) unique in its remarkable attenuation ? 
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DISCUSSION. 

l)r. Walter ItvSEVH.if .v (Teddington) Mid be considered the result 
described by Professor Arnold was obviously what one would have 
expected from the known properties of eemeutite and the curves in 
the equilibrium diagram, aud he thought that therefore the [>aper did 
not require to be dealt, with by him. In a hyper-eutectoid steel 
ceinentite was present in two conditions—laminated, and therefore 
finely divided in pearlite, and massive, as free ceinentite. Now if one 
tried the experiment of dissolving in water a finely divided substance 
aud the same material in the form of large crystals, it would be found 
that a longer lime or a higher temperature would he required for dis¬ 
solving the large crystals. That alone would account for most of 
Professor Arnold's observations; but, further, it would appear from 
the equilibrium diagram that in order to dissolve the free eemeutite 
in the y-iron it was necessary to raise tho steel to a temperature above 
that of the curve representing the solubility of eemeutite in austenite, 
and that fact accounted for the higher temperature required in some 
of Professor Arnold's experiments. In fact there was no phenomenon 
which Professor Arnold had produced which suggested in the remotest 
degree that free eemeutite and eemeutite as contained in pearlite 
were different in character, or that the mode of their solution was 
essentially different. 

Dr. J. K. Stead. F.R.8., Vice-President, said he was sorry the 
subject of the solubility of ceinentite in hardenito laid not been "dealt 
with at greater length, so as to make it perfectly dear as to what was 
really meant by the authors; it had been written in the fewest possible 
words, and such brevity was liable to lead to coufusion. The term 
“ saturated ” applied to annealed steels was likely to be misleading, for 
such stools could not Ik* regarded us saturated in any sense, and only 
became saturated, according to the definition of Dr. Arnold, in steels of 
pearlite composition after they had been boated and quenched from 
above the critical point. Pearlite contained two substances lying side 
by side and independent of each other. He would suggest that the 
alternative term “ eutectoid," proposed by Professor Howe, was more 
satisfactory and useful, and it could be applied to steel with 0i) per 
cent, carbon whether in the hardened or annealed condition. It cor¬ 
responded by analogy to the eutectic of eutectiferous alloys. He (I)r. 
Stead), in a recent lecture before the West of Scotland Iron and Steel 
Institute, had endeavoured to remove the confusion existing in con¬ 
nection with the nomenclature of steel by giving the terms and defini¬ 
tions of the several authorities. He need not, therefore, further discuss 
the question of nomenclature. 

On page 237 it was stated that “the quenchings, made in ah 
ample tank of cold water and brine, did not occupy mure than 
one second." It was not clear what was meant by that sentence. 
Did the authors mean that it occupied one second to transfer the 


Plate XXVI 



Carbon 11* per Cent. Healed to 741' C. and held there for 15 minute', ami then quenched. 

Magnified 180 diameter*. 









Plate XXVII 



Carbon 106 per Cent Heated^to 750 C. and held Iherr for 15 minutes and then quenched. 

Magnified 'J70 diameters. 




Plate XXVIII 



Carbon 1 03 per Cent. Held at C, for 15 minutes and then quenched. 
Magnitie I 180 diameter*. 




Plate XXIX 



( artion 1-40 per Cent. Heated to 750" C ami then quenched 
Magnified 32U diameters. 








Plate XXX 



Carbon 1 40 per Cent. Healed to #10" C. and thm quenched. 
Magnified 330 diameter*. 






Plate XXXI 



• arbon l'-MS per Cent. Heated to NGT C. and held there for 12 minutes anti then quenched. 

Magnified 320 diameters. 






Plate XXXII 



Carbon 146 per Cent. Held at 94T C for 15 minutes anil quenched. 
Magnified 320 diametcis- 
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pieces from the heating bath to the water, or that the steel was 
quenched right out in one second t If the Utter interpretation was 
correct, then he was afraid practical men would deny that U was 
possible toquouch t«> coldness pieces of steel of the size given trem 
900° to 1000°C. in such a short time. As a matter of fact, at the end 
of a second the steel would still Is* red-hot. White-hot steel when 
plunged into water remained visibly red for a few seconds. He 
believed that if it were possible instantaneously to chill low and 
medium carbon steels from a high temperature it would be panh e 
to retain ihe iron partiaUy in the y-state. He honed some day to 
Is-ing before Urn Institute the result of work ho had arranged to do 

in that direction. . . . , _ . .. 

The authors, in describing how their specimens were etched, said 
thev used two different reagents, one a 5 per cent, solution of picne 
acid solution, or a 1 per cent, solution of mine acid, as most con¬ 
venient. What was meant by the expression ‘ most convenient I He 
understood it to mean the most suitable, but, os a matter of fact, he 
(Dr. Stead) had not found tlwt either of those solutions were most suit¬ 
able for developing the structure of hardened steels. The p-hsl 
attack” of Osmond, in his opinion, gave the host results ; hut that was 
not suitable excepting where there was no dust floating abia.t the 
laboi-utarv or pdishing room. He had found a solution of 2 cufakert.- 
metres of'nit lie aci.l in 98 cubic centimetres of amyl alcohol a rapid and 
useful reagent. The etching did not take more tlmn one to two minutes. 
The enlarged photograph he exhibited (Fig. 1) was of steel of tl 
same compLiJon and hardened in the same way as that represented ... 
Plate XXX. It showed the charnctenstie martensite structure. I lie 
illustration on Plate XXVII. resembled the sun with a «* 

side of it, and did not show the structure which was undoubted y .n 
the steel itself, probably because the picnc acid reagent employed for 
etching laid not been in contact with the metal.surface for • lon g 
enough peril si. The authors referred to cen.ei.Ute as white in one 
place and dark in another; the reason for tlnitdifferenceshmihlb.- 
explained. Osmond had shown that when any thin plates of cementite 
were in relief, and the edges of the ..rejecting particles were rounded 
and no. quite flat, vertical rev. of light falling on the rounded surfaces 
were reflected nuiinlv outside and not into the microscop- tube, and 
Tor tilt reason the rementite appeared to be dark although bnffiantly 

pf nSx and diuminatrr™^^ reys, for 

^rtensiKausbjirte^dteoret It WM generally 

to a range .j ^ a -J !tI J „ot a range. The best way U. 
maintained l&atthi ^ spread over any interval was to 

1012.—L 
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pera tur e above 700° C. at oue end, leaving the other end well 
below 700° U. for u period of six bourn, then cool In air, section 
it longitudinally, and polish and etch. Treated in that way, t.lio 
critical point was shown as a well-defined junction without any 
gradation from oue side to the other. The specimen shown (Fig. 2) 



Fig. I.—Hardened Sir.-1 corresponding with Plate XXX.. etched with a 2 per cent 
solution of nitric acid in isoamyl alcohol Martensite structure in the inter- 
cementitr portion of a cemented bar containing about I 4 per cent, carbon, 
heated and quenched from 870“ C. Magnified 500 diameters. 

wns an example of stand prepared in the manner described. It 
had been heated for several hours at one end to about <JO0’ C. in 
a muffle furnace, whilst the other end projected into the air and 
was below redness. After the heating the bar was removed, cooled 
in air, sectioned, polished, and etched. The dark port represented the 
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portion of the steel which hail been heated above the critical point 
the lighter part represented where the heat was below 
the critical temperature. The white border to the dark portion 
represented the area where decarburisation had occurred during the 
heating. 

The specimen illustrated several phenomena:— 

First, that the critical point was really a point and not a rnnge 
—a fact impossible of demonstration by the thermal recalesccnce 
method. 

Secondly, that whilst at the critical temperature the carbide was 
in solid solution, just below that temperature the steel was most 
rapidly softened, due, as the microseo|M5 proved, to the rapid segrega¬ 
tion or globularisation of the cemeutite plates of the pearlite. 

Thirdly, that surface decarburisation of steel heated in air 
increased with the temperature above the critical point. 

The quenching phenomena, referred to by the authors as remarkable, 

Al»o,e Brio* 

Critical Potnu Critical Point. 



Critical Point. 

Fro. i—Tool Steel. 1-mch Bor. Carlton 0 86 per Cent. 

really was so, but had been noticed by other observers. Osmond, who 
was the first to uotice it, stated that in order to nvniil having t root,tite 
mists] with martensite or lumlenite, it was necessary to use small 
pieces of steel, as it was impossible to harden large pieces of carbon 
steels so as to have the inside portions free from troostite and as hard 
ns the exterior parts; the reason being that the cooling of the central 
portion was slower than that of the exterior, and partly passed through 
the change point. In conclusion, he suggested that the authors should 
explain what, was not quite clear, and introduce photographs showing 
the true structure of steels quenched from high temperatures. 

Mr. C. A. Edwards (Middlesbrough) said be agreed with those who 
bml criticised the statement that the change from liardenite to pearlite 
took place over a range of 3° C. There w.is, however, no objection if 
the authors intended the statement to refer to an experimental range 
of temperature. If the range was supposed to lie theoreticsd, it would 
necessitate modifying the iron-carbon equilibrium diagram to a very 
serious degree. 
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Sir Robert Hadfiei.d, F.R.S., Past-President, thought that Dr. 
Stead's remarks concerning the hardening of steel rulher gave the idea 
that in hardening a large mass of steel it wag uot possible to get as 
hard a surface in the interior as the exterior. It might, however, be 
mentioned that, for example, in hardening nmsses of steel wnch »s 
projectiles, if desired, it was quite possible to maintain the interior as 
hard as the exterior. He mentioned that point to show that with 
certain kinds of steel luirdness was not confined to the surface. 
That was not unnatural, because, for example, if they poured white 
iron into a mould two feet in diameter, they would get it almost as 
liard in the centre as on the outside. It therefore probably followed 
the same law existed more or less with regard to the hardening of 
steel. 

Mr. W. H. Hatfield (Sheffield) said I)r. Itosenhain had stated that ho 
did not know what hardenite was. He (Mr. Hatfield) did, and in fact 
the term was generally understood in Sheffield—and, after all, Sheffield 
counted in the world of iron and Bteel—to apply to tho solid solution 
or an attenuated chemical compound corresponding in composition to 
Fe. J( C when atiove the pearlite change point. It was a solid solution 
or sub-carbide which, when quenched, possessed extreme hardness. 
That was hardenite, and he put it to I >r. Itosenhain and others that 
they could not get any more adequate name for it. It really was 
41 harden "-ite. Dr. Itosenhain had mentioned martensite, and asked 
whether they called it hardenite. He thought martensite had passed 
into the language of metallurgy as the adjective “ murtcusitic," as the 
description of a structure, not as a constituent. At any rate, that was 
how it was understood in Sheffield. Dr. Stead had used the expres¬ 
sion “martensitic structure," and Dr. Stead might be taken as 
exemplary in those matters of nomenclature. He (Mr. Hatfield) 
must, however, correct himself since Dr. Stem! stated that the terms 
saturated and supersaturated made him creep. Why? The solu- 
tiouists—and after all it was tho solutionists that were the biggeBt 
antagonists of the theory of Professor Arnold—had their strongest 
support, in his opiniou, in the very terms “saturated," “ subsnturated,” 
and “ supersaturated " solution, which were Professor Arnold’s terms, 
and obviously most applicable to alloys such as steel. If Dr. Stead 
meant an 0'89 per cent, carton steel which had boen annealed, it still 
remained a saturated steel—that was, that at higher temperatures it 
constituted a saturated solid solution. There was only one point 
further, and tliat was the question of the words sorhitic and troostitic. 
He thought it was fairly well understood now that those names applied 
to different gradations of tho decomposition products resulting from 
the dissociation of liardenite into pearlite. 

Mr. W. J. Foster (Darlaston) said that he had on many previous 
occasion* discussed tho possibility of carbides of iron existing either 
in steel or cast iron, and ho maintained point blank that, assuming 
due regard were paid to the integrity of the constitutional laws of 
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chemistry, there was no such thing os carbide of iron (Fe s C) under 
any conditions whatever. In fact, tho supposed chewiest I compound 
he regarded as nothing other than an artificially manufactured 
formula, inasmuch as it was necessary to have a specific degree of 
carhou saturation, and also the cooling or heating temperature must 
he definite. Ho would like Professor Arnold to discuss that important 
question without prejudice either to the physical or chemical branch 
of science, ami instead of concentrating the argument, as hud been 
done in the past, on the properties of outcctoid steel under specific 
circumstances of heat treatment, Ac., to divert his (Professor Arnold's) 
attention to the solubility of carbon in iron at higher temperature-, a 
subject dealt with by Mr. Foster in a [taper which he read beforo the 
West of Scotland Iron and Steel Institute. 

Itefore going further, he would he pleased if Professor Arnold 
would kindly consent to discuss the following preliminary questions : 

(1) How would Professor Arnold or any of the Carbonists attempt 
to evolve tho formula Fe s C, simply on the usual constitutional 
laws as regards its valency ? 

(2) How would the Carbonists attempt to separate the supposed 
Fe s C from pure iron or cast iron saturated with carbon in the 
electric furnace, or the hot-blast furnace, the solution being allowed 
to cool down from extremely high temperatures over a long period 1 

(3) How would they account for the decompositian of Fe s O, or 
anv other chemical compound due to a rising temperature, and also 
at the same time the formation of Fe 3 <J, by a reduction in tempera 
ture, with absolutely the same material involved, a phenomenon 
depending simply on the degree of saturation 1 

(4) If a chemical compound were definitely known, its heat forma¬ 
tion should also bo indirectly or directly known. How did Car¬ 
bonists explain the thermal properties of the alleged carbide, and 
what heat units would they attribute to its heat formation ? Was its 
formation attended by an exothermic or an endothermic reaction < 

(5) A chemical compound when formed must necessarily be stable 
over a considerable range of temperature without decomposition, 
assuming tho general system were not interfered with by some 
external chemical action. How did Carbonists account for the gradual 
decomposition in a solution of liquid or solid carbon in iron < 

Probably the most useful nomenclature of carbon would be based 
on the degree of carbon saturation, or, in other words, the percentage 
of the calls in contents. Just as Mr. Foster had proved that the 
fracture of cast iron depended absolutely on the degree of carbon 
saturation, or its total carls m contents (other elements being con¬ 
sidered to remain constant), tho carbon contents nnd consequently the 
fracture depended entirely on the temperature. The -ame conditions 
applied to steel, therefore he contended there was good, solid, and sub¬ 
stantial ground to work upon. Why, therefore, attempt to construe 
a simple problem into an unnecessarily difficult one ? M hatever might 
be the issue <4 that great question, the usefulness of Professor 
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Arnold’s valuable researches of the past on the properties of steel 
would, however, be difficult to over-estimate. 


CORRESPONDENCE. 

Professor H. Lk L'uateukk (Bessemer Medallist) wrote that he felt 
a certain degree of embarrassment in discussing the piper by Pro¬ 
fessor Arnold and Mr. Aitchison, owing to the vagueness of the defini¬ 
tions in the terms employed ami the general lack of accuracy in the 
experimental methods. So far us could lie seen, the essential results 
of the research differed in no wise from conclusions which had long 
since been accepted. 

It was quite surprising to see so low a transformation temperature 
for these steels as 727°. That was surely an experimental error. In 
order to ascertain the temperature of the thermo-electric couple, it 
was necessary to plunge that couple into a mass kept at uniform 
teuqieruture over u length equal to at least ten times the diameter of 
the couple, or else in n cover, as shown in the figure, over n length 
equal to ten times the diameter of the silica glass tube used as a pro¬ 
tective cover. It was certainly iu that direction that the cxplntintiou 
of the divergence noted between the temperature of transformation 
ami that of hardening—727° to 750 —was to be sought. 

Tlie authors were surprised to find the centre of their bars |>ossessed 
a structure differing from that of portions nearer the surface, hut that 
was a well-known fact. A carbon steel containing 1 per cent, of 
curlion, taken as a bur 10 millimetres in diameter and quenched 
somewhat nlnve the end transformation punt, gave martensite alone 
(Professor Arnold’s “ luinlenite ”). The same quenched in a bar of 
50 millimetres diameter would give troostite only (Professor lleyn’s 
“ oemondite"). With intermediate dimensions the two constituents 
could exist side by side in the same section. The proportion of 
troostite would be larger in propirtion to the size of the bar and to 
tin* amount of carbon it contained, and the closer the temperature of 
quenching approached the Irunformation point. Those well-known 
facte being borne in mind, the results obtained by the authors of the 
piper might be examined. The experiments on the stead containing 
1-05 per cent, of carbon were alwolutely normal. Quenching nt 741°, 
that Is to suy, distinctly in the immediate neighbourhood of the trans¬ 
formation point gave, as it always did, troostite (osuiondite) ; at 750° 
martensite (luinlenite) was obtained, and the same result occurred at 
755°. The darker colouration iu the photograph arose from using too 
energetic a reagent—nitric acid instead of picric ucid. Eveu with 
tbo latter, however, the martensite became blackened, provided the 
etching was continued loug enough. 

The remains of cementite described were not visible in the photo¬ 
graphs, the clearness of which was quite insufficient, for Bueb an 
observation. On directly viewing the specimen, however, it was, as a 
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matter of fact, possible to detect plates of cementite, the simple being 
a hyper-eutectoid steel containing 1*06 per cent, of carbon, whereas 
the eutectoid steel only contained 0'85 per cent, of carbon. 

The steel containing 1 *41> per cent, of carbon up|>eured to have given 
nt all temperatures, so far as it was possible to ju«lge from the j>hoto 
graphs, a more or less considerable proportion of troostite (osmondite). 
That arose from the fairly large dimensions of the sample, from its 
high percentage of carbon, and from its purity from other elements, 
particularly from silicon. With u sample half the size, marten site 
would certainly have predominated. In any case, the grnduul solu¬ 
bility of cetnentile in the solid iron-carbon solution (austenite oil 
heating) agreed with what had for a long time been known. The 
classic iron-curls in diagram showed the variation of that solubility 
in terms of the teuqiemture. On the other tutnd, he (Professor 
Le Cluitelier) did not understand what the authors meant by marten- 
si te-hardenite, as the photographs afforded no information on the 
subject. 

Professor Askold and Mr. ArrcnisoK, in reply to I>r. Hosenhuin, 
dissented altogether from his parallel of the phenomena of s&line 
solution with those of the solution of cementite in liardenite. 

The solution of 13 per cent, of fi or pearlite carbide was almost 
instantaneous and in the nature of a chemical reaction. The solu¬ 
bility of a or free cementite was really in the nature of a solution, 
fineness of division playing a very important part in the rapidity 
with which a-cementite dissolved in liardenite in a supersaturated 
steel. Speaking in round numbers, 13 per cent, of u-cementite 
required a range of 200 for complete solution against, say, 2 for the 
same quantity of /i-carbide. Ur. Stead had discussed a preliminary 
nute nB though it was the actual paper dealing with tho solubility of 
cementite in liardenite. With reference to Ur. Steads suggestion 
that the authors should adopt Professor llowo's term “ eutectoid, the 
authors regretted that they could not comply with that request. * hie 
of the authors published the term “ saturated eight years before 
Professor Howe proposed the new term without, any consultation 
with the discoverer of the phenomenon. With reference to the dura¬ 
tion of quenching, the edge of the micro-section was cold in about a 
second iu spite of the opinion of Dr. Stead to the contrary. VV ith 
reference to the term “point” as opposed to “range, here again the 
authors disagreed with Ur. Stead. The actual duration of a trans¬ 
formation was best described as its “amplitude.” The term range 
had reference to the temperature, in degrees, intervening Is?tween the 

transformations. ... .. 

The production of areas of troostitie pearlite by heat fed along the 
neck during quenching bail never been recorded by Osmond, ns stated 
bv Dr. Stead, and in the absence of the nock attaching tho thin micro¬ 
section to a larger mass of steel would not have taken place, since the 
transformation to hardenite would have been preserved throughout 
the section. 


248 CORRESPONDENCE ON ARNOLD AND AITCHLSONS PAPER. 


In reply to Mr. Foster the authors only wished to state that the 
existence of the definite carbide Fe a C was well established, and one of 
them hud already given Mr. Foster instructions how to isolate it, of 
which apparently he had failed to avail himself. 

In the opening paragraph of Professor Le Chatelier's criticism be 
said that the methods employed exhibited a general lack of accuracy, 
although the results did not differ from accepted conclusions. Was 
it to be assumed that the conclusions reached by Professor Le 
Chatelier were similarly based on inaccurate methods ? However sur¬ 
prised Pi-ofessor Le Chatelier might be at the transformation of 
pearlite to hnrdenile, beginning at 727° or 2° before its ordinary 
temperature, such was the fact, and there was pyronietric accuracy 
insured at any rate to 1°. 

The authors, however, absolutely denied that their conclusions :is 
to the solubility of cemeutite in hardenite were generally admitted; 
for instance. Dr. Desch in bis “ Metallography " (p. 374) stated, “ A tool 
steel containing 1-6 per cent, carbon quenched from 800° in ice water 
consists of pure martensite,” a hopelessly inaccurate description. 

It would he seen in the light of two pu|*>r* to l»e read at the Leeds 
meeting, one the complete paper on the solubility of cementite in 
hardenite, and another on the solubility of hardenite in ferrite, that 
many of the criticisms on the preliminary note would fall to the 
ground. 
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THE CORROSION OF NICKEL, CHROMIUM, 
AND NICKEL-CHROMIUM STEELS. 

By J. NEWTON KKIEND, J. LLOYD BENTLEY, AMU WALTER WEST 
(Dakungtok). 


The effect upon tbo rate of corrosion of iron and steel pro¬ 
duced by the introduction of alloying elements is a study 
which has been much neglected, although the influence of the 
same elements upon the general physical characteristics of 
the metal has in general been fairly completely dealt with. 

The corrodibility of steel may bo influenced in at least 
three different ways by the introduction of foreign elements, 
namely: — 

1. A few elements, such as carbon, nickel, and silicon, yield 
compounds which offer a stout resistance to oxidation, and 
thus greatly enhance the stability of the metal towards cor¬ 
roding influences- 

2. Some elements yield readily fusible alloys or compounds 
of variable melting points, which, during the solidification of 
the steel, tend to produce unequal distribution of the mate¬ 
rials in the solid metal. This segregation is one of the most 
serious causes of galvanic activity and " pitting with which 
the engineer has to contend. 

3. Finally, a few elements, like sulphur, when present 
in steel, exist in the form of relatively oxidisable bodies 
which yield sulphureous acids, and thus greatly enhance the 
rate of corrosion of the metal when once it has begun. Now. 
although a good deal of isolated work has been done from 
timo to time on the corrosion of nickel stools, most investi¬ 
gators have contented themselvos with determining the 
relative rates of corrosion under only one, or at most two 
sets of conditions, the most usual being exposure to salt 
water and acid respectively. It was felt to be desirable to 
investigate more thoroughly the influence of nickel, and like¬ 
wise to study that of chromium and of a mixture of nickel 
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ami chromium, upon the corrodibility of steel—the last two 
branches of the subject haring received but little attention 
hitherto, very few published data being extant. The authors 
are supplementing the work detailed in this memoir with 
several series of " long-period ’’ tests, and hope, at a later 
date, to communicate the results and discuss them fully. 

The steels experimented upon were kindly supplied in the 
form of bars by Messrs. Cammed, Laird & Co., of Sheffield, 
and were tool-turned and sliced into discs 0 7 centimetre 
thick and 2 - 8 centimetres in diameter, by the Darlington 
Forge Company. To both of these firms the authors wish 
to express their hearty thanks. The analyses of the steels, 
kindly supplied by Mr. B. Deby of Sheffield, were as follows:— 


Analyte* of Steele. 


Steel 

No. 

Carbon 
per Cent. 

Silicon 
per Cent. 

I*lio6pboni5i 
per Coil. 

Man¬ 
ganese 
per t ent. 

Sulphur 
per Lent 

Nickel 
per Cent. 

Chromium 
per Cent. 

1 

029 

on 

0 023 

ii30 

0024 



2 

0-30 

0*208 

0*023 

0886 

O'QSW 



3 

0T!> 



0*29 


3*72 


4 

0 24 



0*40 


6*14 


5 

0-00 



0*38 


28*24 


ft 

0-34 



0 38 



lia 

7 

Oil 



0*110 



3*68 

s 

0*0!l 



trace 



5*30 

u 

0563 

0 127 


0*41 


3 40 

MX) 

10 

054 

*** 

•** 

Of* 


3 6 

1T2 


It will be observed that while tho steels have not a per¬ 
fectly uniform composition with respect to the alloying 
elements, other than nickel and chromium, the discrepancies 
are relatively small and of minor importance compared with 
the range of nickel and chromium covered. Any rosults 
obtained with these, therefore, may probably be regarded as 
reliable. The discs of steel were enrefully polished with 
emery-paper, weighed, and subjected to corroding influences 
as follows:— 


1. Tap-water Tests. 

Tho discs were laid flatwise on a circular sheet of paraffin 
wax in a glass crystallising dish, as shown in Fig. 1, covered 
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with tap water too depth of 6 centimetres and kept in a dark 
cupboard to prevent any irregularity of corrosion consequent 
upon unequal illumination. The paraffin served to reduce 
to a minimum the possibility of galvanic action, and also 



prevented the corrosive action of the silica—always observod 
if iron lies for any length of time in direct contact with glass. 
After sixty-four ilays the discs were removed, cleaned, anti 
weighed, the loss in weight being taken as a measure of the 
corrosion. The results were as follows:— 


Common of Sir flu in Tap li ulrtr. 


-Steel 

No. 

Nickel 
per Cent. 

Chromium 
per Cent 

Original 

Weight. 

Gramme!. 

l.«rv» in 
Weight. 
Grammes. 

Cnrruston 

Factor. 

1 



3D *6201 

011961 

100 

*» 



37-4186 

0 1(138 

108 

1 

3*72 


33*0800 

0(1708 

83 

4 

6*14 


80*1416 

006(9; 

«> 

s 

86*34 


33*4706 

o*mss 

51 

r. 


l-is 

28-7101 

01)817 

85 

7 


3B8 

38*6896 

(MODS 

58 

8 


6*30 

31*1996 

0*0400 

43 

li 

3*4 

1*00 

80-8998 

0 07341 

77 

10 

3* 

111 

81*6800 

00844 

87 
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2 . Sea-water Tests. 

This series was conducted in a precisely similar maimer to 
the previous one, save that the tap water was replaced by sea 
water taken from Bridlington Bay. The authors desire to 
acknowledge the kindness of Miss Agnes Harrison in obtaining 
and forwarding this to them. After sixty-four days, the loss 
in weight of the steels was found to be as follows:— 


Common of Steel* in Sea Water. 


S<cfl 

No. 

Nickel 
per Cent, 

Chromium 
per Cent. 

Original 

Wright. 

Grammes. 

Loss in 
Weight. 
Grammes. 

Corrosion 

Factor. 

i 



34 4M1U 

0 I13C 

100 

8 


.... 

37-57251 

0T196 

100 

3 

378 


30-9084 

OIISHfi 

77 

4 

fill 


32-9*44 

0 -liHOfl 

79 

a 

»•** 


30-2324 

1 > 0516 

45 

6 


112 

28-7259 

O 0886 

60 

7 


3-5* 

35 9839 

0-0291 

a; 

H 

... 

5»» 

*1-9149 

0 0261 

23 

0 

3 1 

too 

3H 6314 

oi)936 

82 

10 

3*5 

ITS 

291314 

0*1826 

90 


3. Sulphuric Acid Tests (0 05 per Cent.). 

These results wero obtained in an exactly similar manner 
to the preceding, the corroding liquid being 0-05 per cent, 
sulphuric acid (that is 0*5 gramme of acid in 1000 grammes 
of solution with water). The results obtained after sixty days’ 
exposure ore given in the accompanying table: _ 


Corrosion of Steel* in 0 05 per Cent. Sulphuric Aci,l. 


Steel 

No. 

Nickel 
per Cent- 

Chromium 
per Cent 

Original 

Wright. 

Grammes. 

l.oa in 
Weight. 
Grammes. 

Corrosion 

Factor. 

1 



3711886 

D’ltiW 

100 

i 


*«*• 

37-2552 

0-1560 

98 

3 

373 


32 2582 

0 1350 

86 

4 

614 


314)302 

01320 

8 ° 

5 

2621 


31 4363 

01W60 

54 

6 

MS 

112 

29-9576 

0 1134 


7 


3-5H 

29-9348 

O’lOt® 

68 

8 


6 30 

30-8742 

0 1086 

68 

9 

3 4 

100 

308138 

0 1394 

87 

10 

3'6 

112 

32-4194 

0 1492 

93 
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4. Sulphuric Acid Tests (0-» per CenL). 

Those experiments were similar to the preceding ones, the 
ncid being of the strength 0 - o per cent, by weight. The results 
obtained after fifty-three days’ exposure were as follows:— 


Common of Steel* in fl o per Cent. Sulphurir Add. 


Strel 

No. 

Nickel 
per Cent. 

1 hmmium 
per 1 'em. 

Original 
Wright. 
lirammeft. 

Luss in 
Weight. 
Grammes. 

Corrosion 

Factor. 

1 



34 426G 

018508 

100 

2 



3S«:w« 

2 4878 

259 

3 

373 


32 1X40 

o-ftltos 

65 

4 

614 


31 3370 

00042 

63 

ft 

2*11M 


,u-.wtu; 

0 0770 

8 

6 


1 12 

288042 

2 1420 

223 

7 


35K 

281)772 

0-6830 

61 

H 


6-;«) 

3015170 

0 7514 

78 

9 

3'4 

I oo 

3011120 

I *722 

132 

10 

3-6 

M2 

33 0030 

31*672 

413 


5. Alternate Wet and Dry Tests. 


Those experiments were carried out in a large iron ther¬ 
mostat, of the dimensions and shape shown in Fig. 2, the metal 


A 



30 cms. 


Fig. 1 
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discs (E, F. &c.) being laid, as before, in a circle llatwise on 
a sheet of paraffin wax. Water entered slowly by tube A, and 
being admitted to tho centre of the apparatus, affected all the 
discs equally. The paraffin disc was perforated by numerous 
small holes, and rested ou a similarly perforated iron disc, to 
euable it to bear the weight of tho steels. When the water 
reached the level B, it was quickly syphoned off automatically 
by Bl, and the level fell to D. It then began to till again. 
In this way the metal discs were exposed to alternate wet 
and dry, the process of tilling the thermostat requiring 
two hours each time. A loosely tilting cover was placed 
on the top to keep out dust, and to maintain darkness 
within, in order to prevent, as before, any irregularity of 
corrosion consequent upon unequal illumination. The results 
obtained after an exposure extending over fifty-two days were 
as follows:— 


Corrosion of SOfls exposal to alternate W«t and Itnj. 


Sircl 

No. 

Nickel 
per Cent 

i 'hrominm 
per Cent 

Original 

Weight. 

Gramme*. 

1 



380536 

* 

... 


38-7170 

3 

3-73 


28 3S7<i 

4 

614 


31-8MO 

6 

26-24 


30 8101 

6 


M2 

38-5846 

7 


3'68 

28 3886 

8 


5 30 

30 8406 

9 

3 4 

111 

298748 

10 

35 

112 

32 7056 


Loss in 
Weight. 
Grammes. 


0 ■37116 
0-2730 
0 Ilf© 
00086 
0-0220 
02512 
00806 
0-0566 
01271 
0-UiM 


Corraaiun 

Factor. 


100 

loo 

43 

36 

8 

1» 

30 

21 

47 

52 


Discussion of the Results. 

In order to facilitate tho discussion of these results, the 
following table lias been drawn up in which the corrosion 
actors o t e steo s as obtained by each method are 
given:— 
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Corrosion Factor* of Nirkel, Chromium, anil Mick’l-Chromium Sta ts. 


Steel 

No. 

Nickel 
pec Cent. 

(_ hromium 
per Cent 

Carrot bn Factor for— 

Tap 

WsUec. 

Sen 

WMk 

Wet and 0 05 per 
Dry. Cent. Acid. 

0*5 per 
Cent. Add, 

1 



100 

100 

100 100 

100 

2 



1UK 

105 

100 98 

250 

a 

372 


S3 

77 

43 85 

55 

4 

GI4 


09 

79 

36 82 

•a 

5 

26'24 


51 

45 

8 54 

8 

0 


1 12 

85 

80 

33 71 


7 


3* 

58 

26 

30 68 

oi 

8 


530 

43 

23 

21 68 

78 

9 

•V4 

10 

77 

82 

47 1 87 

132 

10 

3-5 

1 12 

87 

90 

52 33 

413 


A careful study of the above table reveals a number of highly 
interesting facts. These may lte summarised as follows:— 

1. The corroding media may be divided into two groups, 
namely acid and neutral, and the results obtained are usually 
very different in the two eases. Very dilute acid resembles 
the neutral corroding media in its action. This wo might 
expect, since the so-called neutral media (tap water, sea 
water, &c.) always contain a minute quantity of acids, such 
as carbonic. 

2. Acceleration tests as usually carried out with sulphuric 
acid, yield very misleading results as to the general corrodibility 
of tho metals tested. Thus, for example, the two standard 
steels corroded at almost identical rates when exposed to tap 
water, sea water, wet and dry, and to O'Oo per cent, sulphuric 
acid. But in tho 0 5 per cent, acid the second steel corroded 
some two and a half times as rapidly as the first. Very 
similar discrepancies occur with steels Nos. 0, 9, and 10, the 
last named corroding more than three times os much as 
steel No. 9, although in the other tests the two steels 
behaved similarly, as we should expect from thoir analogous 
compositions. 

These observations are in perfect harmony with those of 
Frazer, 1 who found that whilst samples of basic and acid 
steel of analogous composition corroded at practically identical 

1 Ivmrual of tk* Wat cf Sc at land /ram and Slttl hutituU, 1907, ?oL nr. p. 82. 
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rates under ordinary conditions, yet when exposed to the 
action of dilute sulphuric acid the results were most irregular, 
in one case the acid steel corroding five times as rapidly as 
the basic Bteel. The results of the Corrosion Committee of 
the British Association emphasise the same fact, 1 and C. M. 
Chapman.* working in America, has been led to similar 
conclusions. 

The explanation is not far to seek. Two opposing forces 
are called into play when steel is immorsed in a corroding 
medium, namely:— 

(a) Galvanic activity between the relatively incorrodible 
portions and the easily oxidisable ferrite, the latter functioning 
as the anode and the former as the cathode. The corrosion 
of the ferrite is thus accelerated. Amongst the incorrodible 
materials we must class cementite, in ordinary steel, and in 
the steels studied in this memoir we have the various 
complexes of iron, carbon, nickel, and chromium, all of which 
function cathodically. 

(b) On the other hand those incorrodible materials offer 
a very effective mechanical protection against corrosion by 
preventing the corroding medium from coming into direct 
contact with the ferrite, and thus tend to protect the metal 
from corrosion. 

A moment’s consideration will show, however, that by- 
intensifying the corrosive media, as, for oxample, by the 

employment of sulphuric acid, the two forces mentioned 

above will not be affected to the same dogree, and that tlio 
results obtained will not be the same as thoy would be 

hud the metal been exposed to a less intense action for a 
longer time. Consequently the two methods are not strictly 
analogous. 

The honeycombed appearance of the surfaco of steels Nos. 
2, 6, and 10. was so pronounced as to render doubt impossible 
as to the intensity of the galvanic action which had taken 
place. The fact that no nickel and chromium could be 

detected in the corroding acid shows that these metals were 

i Cktmital Nam. 1911, rot cir. pp. 142. 1»; ** allo crilicism , Kncnd> iHJ 
p. 1M. 

« Paper read before the American Society for Testing Materials. June «8 I9U, 
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constituents of the cathode, and the excessive corrosion of 
these steels makes it clear that the galvanic activity was 
stimulated out of all proportion to the mechanical protection 
afforded by these metals. 

3. From the results with steels Nos. G, 7, and 8, in 0*5 per 
cent. acid, it would appear that there is an optimum concen¬ 
tration of chromium which yields the maximum resistance to 
acid attack, and that if this amount bo exceeded (os in steel 
No. 8) tho steel becomes less permanent. This is thoroughly 
in accordance with the results obtained by Had field, 1 and 
more recently by Monnartz. 1 

4. In noutral corroding media the resistance offered to 
corrosion apparently rises with the percentage of chromium. 
This is particularly the case for salt water, and tho employ¬ 
ment of chromium steels in the construction of ships would 
appear to be fully justified on this ground alone. 

5. Nickel steels appear to be resistant to acid and neutral 
corroding media alike, the resistivity increasing with the per¬ 
centage of nickel. The permanence of the 26 per cent, nickel 
steel towards 0 5 per cent, acid is particularly noteworthy. 

6. The corrosion factor does not appear to be a purely 
additive quantity. Thus, for exnmple, in exposure tests with 
tap water, the corrosion factors of steels Nos. 3 and 6 respec¬ 
tively are 83 and 85. It. might be expected, therefore, that 
since the 3*72 per cent, of nickel and the 1*12 per cent, of 
chromium each separately yield the same protection, by having 
both together in the steel the same result should accrue as by 
either doubling the nickel or tho chromium content alone. 
This, however, is not the cose, as is evident from a considera¬ 
tion of the results obtainod with steels Nos. 4, 7, 9, and 10. 
Similar conclusions are arrived at from the sea water, and other 
tests with the same steels. 

Whilst those results are extremely important they are 
not final. They have only been obtained from experiments 
carried out at room temperature (12° C. to 15° C.), and the 
period of testing has not exceeded sixty-four dnys. The work 
is being continued at different temperatures and with long 

1 Journal af the /row ami Steel I militate, 1892, No. II. p. 92. 

* Metallurgie, 1911, rot viii. pp. 161, 198, 

1912.—i. 
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period tests, so that the conditions may resemble as closely as 
possible thoso actually experienced under working conditions. 
In conclusion, the authors wish to urge the necessity of deter¬ 
mining the corrosion of iron and steel under conditions closely 
similar to those to which the metal will lie subjected in 
practice, otherwise the results will lie unreliable and lead 
to much confusion. 
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TIIE MECHANISM OF CORROSION. 

By J. NEWTON FRIEND. WALTER WEST, and J. LLOYD BENTLEY 

(Daklinoton). 

One of the main causes of the fascination attaching to the 
study of corrosion is that new phenomena are constantly 
appearing which ennnot be reconciled with our old stereotyped 
theories, and necessitate, therefore, a constant re-adjustuient 
of our ideas. In a recent communication to this Journal' 
a list was drawn up of the moro important factors influencing 
the rate of corrosion of relatively pure iron at ordinary 
temperatures; and attention was drawn to the extreme care 
required in order to carry out two exactly similar experiments 
from which reliable conclusions may be safely drawn. During 
the past year the authors have studied a few of the factors 
requiring consideration, in greater detail. The results obtained 
and embodied in this memoir serve both to corroborate and 
to extend our earlier work. 


1. Thf. Corrosion Zone. 

When a plate of iron is suspended in stationary water, the 
surface of which has free access to the air, the layers of water 
in contact with the metal yield up their dissolved oxygen 
and thereby induce corrosion. Fresh supplies of oxygen 
from the surrounding layers of water now’ diffuse towards 
the metal, and In the course of a few hours on equilibrium 
is set up, the amount of oxygen diffusing towards the metal 
being exactly equal to that absorbed in producing rust. This 
condition is shown in Fig. 1, w’horo ATI is the metal plate, 
and ACDE represents what may be termed the Corrosion Zone, 
the amount of dissolved oxygon in the water gradually 
decreasing as any point on the circumferenco of the zone, 
say E to the metal itself at B, is passed. At all points 


1 Friend, Ciimtgit Sekelankip Aiernmn, 1011. 
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outside the zone, such as F, G, &c., tho amount, of dissolved 
oxygen remains constant. The actual size of this zone must 
depend upon a largo variety of factors, all of which may he 
grouped under two headings, namely:— 

1. The rate at which oxygen can diffuse towards the metal, 
and 

2. The rate at which the metal can absorb the oxygen. 

The former of these factors is influenced by the pressure 

and composition of the air in contact with the surface of the 



water, and also by the solubility of oxygen in the wator _ a 

function of the temperature and purity of the latter. 

As regards the rate of absorption of oxygen by the metal 
itself, tho influence of temperature and light, the composition 
of the metal, its physical condition, and the effect upon it of 
any impurities in the water, have to be considered. Clearly 
the more corrodible the metal, the larger is the corrosion zone, 
other things being equal. When, on the other hand, the 
metal is protected by paint, zinc, or tin. the corrosion zone 
may be negligibly small. 
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Now it follows that unless duo allowance is made for this, 
u serious source of error is liable to creep into experiments 
designed to throw light upon the relative corrodibilities of 
different pieces of metal. 

If AH be suspended in a tank, the side K of the latter must 
not be so near as to come within the corrosion zone as at 
K' or the metal will not corrode at its maximum rate. Once 
beyond this zone, however, it is immaterial how far oft the 
side is, the rato of corrosion of the plate being the same 
whether the side is at K or K". Suppose, now, there arc two 
plates, one say of nickol steel and one ot ordinary carbon 
steel, and it is wished to determine their relative rates of 
corrosion. Assume that tho nickel steel corrodes only half os 
rapidly as the carbon steel. If the corrosion of the latter 
is taken os 100, that of tho former will be 50, and the 
corrosion zone of the carbon steel may be represented by the 
curve AODE, and that of the nickol steel by the broken curve 
AHK. Suppose these plates are suspended in a tank at a 
distance d' from the side (K/). They are then under what 
appear to be precisely similar conditions. In reality such 
is not the case, however, for whilst the nickel steel can 
corrode at its maximum rate because K.' lies without its 
corrosion zone, the carbon steel cannot corrode more than 
about 70 per cent, of its maximum amount since K* lies so 
far within its corrosion zone. Hence the relative corrosions 
as determined in this way would be:— 

Corrosion of carbon steel _ TO _ 100 
Corrosion of nickel steel 50 71 

If, now, we repeat the experiment, suspending the two plates 
at a distance d from the side K, the nickel steel corrodes at 
the same rate as before, but the carbon steel is now ablo to 
corrode at its maximum rate. Tho observed rates of corrosion 
are, in consequence, 100 to 50. 

There can bo no doubt that many of tho curious variations 
obtained by different investigators when conducting experi¬ 
ments of this kind are traceable to some such cause as this. 

In order to gain some idea as to tho magnitude of the 
corrosion zone, some pieces of Kahlbaum’s pure iron foil were 
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cleaned with emery-paper, weighed, and suspended by means 
of glass hooks in earthenware troughs of water at varying 
distances from the sides. The plates measured 3 inches in 
length and 2*5 inches in breadth, and were attached to the 
hooks by paraffin wax (sec Fig. 2), so that the disturbing 
corrosive action of the silica of the glass was removed. After 
nine days the plates were cleaned and weighed, the loss in 
weight being taken as a measure of the corrosion. The 
results were as follows:— 


Distance of 
Plate from Side. 
Incites 

Initial Weight ol 
Plate. 
Grummet. 

Lot* in Wright. 
Grummet 

Corrosion Factor. 

5 

8*4214 

01546 

100 

S 

8*6280 

01674 

102 

2 

8*6264 

0*1840 

87 

1 

8*8886 

0*1260 

82 

0-6 

8 1574 

0 1418 

93 

0 26 

81236 

0*1640 

106 


From the above table it may be gathered that:_ 

1. 1 he maximum corrosion is reached when the plate is 
not less than 3 inches from the side of the trough, that 
observed at 5 inches distanco l>eing the same (within experi¬ 
mental error). 

2. \\ hen the iron is very’ close to tho side the rate of 
corrosion begins to increase abnormally. This came as a 
great surprise, but the next series of experiments showed that 


WAX 


WAX 


L I IPON 
4,| PLATE 


Fic. 2. 

the anomaly was due either to tho silica of the glaze or some 
other corroding material dissolving out of the pores of tho 





















FRIEND, WEST, ANT) BENTLEY : MECHANISM OF CORROSION. 263 

earthenware. In the chemical activity of the apparently 
neutral walls of a containing vessel, therefore, a serious source 
of error may lie. 

In order to avoid this disturbance, a similar series of iron 
plates were suspended, this time iu the centre of the troughs 
and sheets of paraffin wax fixed at varying distances from 
them, as shown in Fig. 2. After ten days of exposure the 
following results were obtained:— 


Distance of 
Plate bom Side. 
Inches. 

Initial Weight erf 
Plate. 
Grammes. 

Loss in Weight. 
Grammes. 

Corrosion Factor. 

10 

8 6041 

0-1585 

100 

A 

8-0067 

0 1566 

Si 

8*6 

7 8715 

0-1334 

HI 

t-2 

8-5880 

01302 

M2 

OS 

8 4915 

0*1247 

70 


Evidently, therefore, the closer the metal is suspended in 
still water to the side of the containing vessel, the less is it 
able to eorrode. 

These experiments were now repeated, using two plates of 
paraffin wax in each case, the plate of iron being suspended 
midway between them. After nineteen days the plates were 
cleaned and weighed with the following results:— 


(Area or plate =6 x 6 emtimetres. 
Length of plate =/=G centimetre*.} 


Distance of Plate 
from Sides. 

Initial Weight 
of Plate- 
Gramme*. 

Lon m 
Weight. 
Grammes. 

Corrosion 

Factor. 

In Centimetre*. 

In Terms of 
Length of 
Plate. 

12 

V 

011760 

0 1940 1 

100 

12 

V 

01010 

01970 ) 


6 

1 

51*80 

O'15190 

101 

3 

/'3 

51.1530 

0 I7H0 

01 

1U 

114 

0-4219 

0-1437 

73 

0-75 

m 

0-2782 

OH770 

40 


From this it is ovident that the plates under the particular 
conditions of the experiments should not be suspended nearer 
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than a distance measured by their length l, if the m axim um 
oorrosion is to l>e obtained. This, of course, assumes that the 
sides of the vessel are chemically inert. 

If, now, the inert parulhn sheet is replaced by a second 
metal plate of similar corrosive properties, it will bo evident 
that twice the above distance must be left between tho two if 
maximul corrosions are to be obtained in either case. This 
was confirmed in part by suspending two plates of iron in each 
trough at varying distances from one another, and determining 
their loss in weight after seven days. Tho plates were 2 5 
inches square, and were suspended in a similar manner to the 
preceding. The results were as follows:_ 


Distance of 
Plates from 
each other. 
Inches. 

Initial Weight 
of Plates. 
Oramma. 

Loss in Weight. 
Grammes. 

Mean Lass. 
Grammes. 

Corrosion 

Factor. 

Single Plate • 

70130 

•>0741 1 
00763 f 

00753 


Single Plate' 

71*370 

100 

• 

( 6*9008 

1 0*4008 

00700 1 
00713 J 

00708 

1M 

3 

1 6 1701 

1 6 S(>33 

00606 i 
OOW 8 ( 

006X1 

81 

X 

1 #*4428 

1 6-3853 

00600 I 
00630 ( 

00610 

81 

1 

1 6-808K 

t 6*8744 

0*06.10 i 

0 065(1 f 

00645 

85 


irurn this table it is clear that whore the plates were 
suspended at a distance of 1*6 times their length apart, 
the maximum corrosion is not attained. Evidently therefore 
in order to obtain trustworthy results for tho relative corro¬ 
sions of various irons and steels by immersion in still liquids 
in troughs, the plates must be suspended considerably further 
apart than hat> hitherto been customary. With painted 
galvanised, and tinned plates, of course'the case is quite 
different, for, owing to the slow rate of corrosion, the corrosion 
zone is correspondingly reduced and tho plates may be much 
nearer together. In moving water, likewise, the plates may 


^ ^ P £” r”, >e, *™ e ,rOU *'”- Uw auihon did no. 

a sufficient number of larger trough, which would euuhL them to plTcc two 

pu !“ “ « inches without incurrbg^kS 

interference bom the sides of the vessel “ 1 
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be nearer, but in both of these coses it is better not to 
have them too close together, or films of dust may spread 
from plate to plate and thus galvanically connect them and 
induce Berious corrosion. This was probably the case with 
the last two plates, at half an inch distance, as given in the 
above table, and which show a marked and unequal increase 
in their corrosion. 

In the above experiments the troughs were kept in the 
dark during the periods of exposing the plates, in order to 
prevent the disturbing influences of unequnl illumination. In 
actual practice the influence exerted by suspending two plates 
close together would be even greater than that indicated in 
the above experiments, since one plate would cast a shadow 
on the other and thus withdraw from it the stimulating action 
of light. The isolated plates, on the other hand, would suffer 
no retardation in this way. 


2 . The Mechanism of Corrosion. 

When layers of rust arc analysed, they are frequently found 
to contain at least traces of ferrous iron. 1 This is quite in 
harmony with the acid theory of corrosion, according to which 
the first stage in the corrosion of iron consists in the forma¬ 
tion of a ferrous salt, which later undergoes oxidation to the 
ferrio condition, yielding hydrated ferric oxide or rust. 

The numerous analyses of rust usually tcacli us but little 
beyond this, however, inasmuch as tlio exact conditions 
under which the various samples of metal rusted were un¬ 
known. It occurred to us that, if we allowed pure iron to 
rust under a series of well-defined conditions, and then 
analysed the rust produced, fresh light might be thrown upon 
some of the hitherto obscuro problems. To this end Kahl- 
baum’s pure iron foil was always employed, as its composi¬ 
tion has been proved by repeated trials to be most uniform, 
and hence to be particularly suitable for the purpose in 
hand. 

1 Calmt, Chemical Aran. 1871. »ol. xxiii., p. 98. Weinwurtn, Chemiher Zeitumf, 
1898, voL xrii., p, 10L Tildcn. Transactions of tie Chemical Society. 1UUB. voL xciii., 
p. 1358. Steel, Journal of the Society of Chemical Industry, 1910, »ot xxix., p. I III, Ac. 
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The Influence of Light.— -Attention has already been drawn 
in previous papers 1 2 to Lho fact that light greatly accelerates 
the rate of corrosion of iron. An engineer criticised this state¬ 
ment shortly after publication, stating it to be contrary to 
experience, instancing an iron bridge, the under and shaded 
portions of which were more corroded than the upper ones. 
This illustrates the difficulty experienced by practical men of 
realising how essential it is that conditions shall be exactly 
comparable before trustworthy conclusions may bo drawn. By 
shutting out the light in the above case, the free access of 
fresh, warm, and dry air was also cut off, so that the under 
portion of the bridge was always moist, whereas the upper and 
exposed places were usually dry. Clearly the effect of constant 
moisture must for outweigh the purely stimulating action of 
light, since a dry surface cannot rust. 

The question which now arises is: How docs the light 
nccolerate corrosion I This it may do in one or both of two 
ways:— 

1. By accelerating the initial stage of corrosion, namoly, tho 
oxidation of the metal to the ferrous condition 

.Reaction 1. 

2. By accelerating the second stage of corrosion, namely, 
tho oxidation of the ferrous iron to ferric ( rust) 

.Reaction 2. 

Solutions of ferrous sulphate, slightly acidified with dilute 
sulphuric acid, were placed in similarly shaped glass bottles, 
some of which were transparent, others being rendered opaque 
by a thick coating of paint on tho outside. These were kept 
at a uniform temperature in a glass water-bath and exposed 
to diffused sunlight. After varying intervals of time, portions 
of the solutions were removed and the relativo proportions 
of ferrous and ferric iron determined by titration with bichro¬ 
mate. At, the beginning of the tests thero was no ferric iron 
present, hence tho figures in the third column of tho table 
give the relative rates of oxidation of the ferrous sulphate in 
the light and dark respectively:— 


1 See Friend, /«. «'/. 
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Length of 

Ferric Iron 

No. 

Condition. 

Esposurc 

(Days). 

ns per Cent, 
of Total Iron. 

1 

) Light 

1 Dark 

15 

144 

15 

13.0 


i Light 
i Dark 


MU 


44 

21 4 


j Light 
| Dark 

r.s 

24 4 


53 

'-' 1-6 


I Light 
l Dark 

71 

39 3 


71 

34 O 


1 Light 

71 

30 3 


1 Dark 

71 

MU 


Clearly the light stimulates the oxidation of ferrous iron 
to the ferric condition—but only relatively slightly. Whilst, 
therefore, during ordinary corrosion of iron tho light un¬ 
doubtedly stimulates Reaction 2 (above), it would seem that 
this acceleration is too small to wholly account for the in¬ 
creased corrosion actually observed. Probably, therefore, light 
also accelerates Reaction 1, namely, the oxidation of the metal 
to the ferrous condition. In order to test this, plates of iron 
measuring 4 by 6 centimetres in area were exposed in beakers 
of water in such a manner that their four corners rested in 
contact with the sides and bottom of the beakors. Each 
lieaker held one plate and 100 cubic centimetres of distilled 
water. Four of these. Nos. 1 to 4, were placed in the light, 
and an equal number (Nos. 5 to 8) in a dark cupboard. Each 
week one beaker was taken from the light and dark respec¬ 
tively, the loss in woight of iron and the amounts of ferrous 
and ferric oxide produced being quantitatively determined. 
The results are given in the following table, the weights of 
iron boing expressed as grammes:— 


No. 

Condition. 

Time. 

Days. 

Initial Weight 
of Plate. 

Weight of 
Ferrous Iron. 

Total Loss 
in Weight. 

Percentage 
of Ferrous 
Iron. 

1 

Light 

8 

3 4991 

nil 

09326 

nil 

5 

Dark 

8 

4 1144 

nil 

09270 

ml 

2 

Light 

15 

3 9894 

noon 

0 0641 

1U 

s 

Dark 

15 

3Ulti2 

tract* 

09521 

trace 

3 

Light 

33 

4-2014 

0-0101 

01029 

9U 


Dark 

23 

3 9014 

01*111 

09709 

1-5 

4 

Light 

29 

4 1522 

n-0178 

0T278 

130 

8 

l»ork 

29 

suns 

nil 

0-0800 

ml 
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From the above it may be gathered:— 

1. That the plates exposed to the light rtistud more rapidly 
than those in the dark—confirming earlier work. 

2. An appreciable amount of ferrous oxide is produced on 
prolonged exposure to daylight. 

3. No appreciable quantities of ferrous oxide are produced 
in the dark—under the particular conditions of the experi¬ 
ment. 

Evidently, therefore, light not only accelerates the oxidation 
of ferrous iron to ferric, as has been seen, but it has a more 
pronounced accelerating influence on the initial oxidation of 
metallio iron (Reaction 2, above), so that the formation of 
ferrous oxide outstrips that of ferric. In the dork, however, 
the two reactions apparently proceed at practically the same 
rate, so that the ferrous oxide is oxidised to rust as rapidly as 
it is formed. 

As time goes on the accumulation of rust and ferrous 
oxide becomes so thick that light cannot easily penetrate, 
and the corrosion proceeds as if the metal were in the dark. 
Hence the reaction slows up, and the percentage of ferrous 
iron in the rust begins to fall. This accounts for the rela¬ 
tively small quantities of ferrous iron found in thick rust 
deposits, even when metallic iron still remains. When all 
the iron has been oxidised, of course the ferrous oxide slowly 
follows suit, until even the last traces may bo oxidised. 

There can be little doubt that numerous other factors, such 
as galvanic action, temperature, and nature of the corroding 
medium, will affect the relative proportions of ferrous and ferric 
oxide produced during the corrosion of iron. Experiments 
are now in progress with a view to determining the respective 
values of each of these factors, and the authors hope to 
communicate the results in a later memoir. 

The authors have pleasure in acknowledging the receipt of 
a grant from the Chemical Society, London, which is enabling 
them to carry out these investigations. 
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DISCUSSION. 

Professor H. K. ArmstroSO (London), referring to Hr. Frieud’s 
paper, said he was not at all satisfied that light promoted ru8t, 
although there had been an increase of rust in the authors’ experi¬ 
ments. Theoretically the action of light might conceivably affect it, 
but ho was inclined to think thnt the effect produced in the ease of 
those experiments was due to differences of temperature rather than 
to other causes. 
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THE INFLUENCE OF CARBON ON THE 
CORRODIBILITY OF IRON 

Ht C. CHAPPELL. ILMet. (Hons.), SHErnrin 
INTRODUCTION. 

During the past few years the subject of the corrosion of 
iron and steel has been receiving a woll merited and rapidly 
increasing attention. Despite this fact, howevor, it is often 
difficult to obtain reliable information as to the specific influ¬ 
ence exerted upon the corrosion of these metals by varying 
proportions of alloying elements. Especially is this the case 
wit h regard to the influence of increasing percentages of 
carbon on tho corrodibility of iron. In view, therefore, of the 
prime importance of carbon in the metallurgy of steel, investi¬ 
gations have been earned out to ascertain the nature and 
extent of this influence. 

Two main elements of uncertainty enter more or less into 
practically all the experimental results that are available in 
connection with this question—the lack of chemical purity 
in the steels employed, and tho negligence of precautions to 
ensure that the steels shall l>e in a uniform condition of treat¬ 
ment before testing. 

Special attention lias been paid to these two features 
throughout the present paper, which will therefore constitute 
a basis from which the influence of other elements upon the 
corrodibility of steel may subsequently be individually and 
accurately determined. 


General Scheme of Investigation. 

A series of practically pure iron-carlsm sioels has boon 
prepared. Suitable bars of each steel have been subjected 
to typical heat treatments, and their relative corrodibilities 
and other properties have been investigated in each of these 
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various states of heat treatment. By these moans, not only 
has the influence exerted on these properties by variations in 
carbon percentage been determined, but also the influence of 
variations in the chemical and physical condition in which 
the carbon exists in these alloys, within the range of com¬ 
mercial treatments. 

Microscopic investigations into the modus ojxraudi of the 
corrosion of iron-carbon Bteels havo also been made, and have 
been productive of much interesting and important evidence, 
despite the considerable difficulty of examining corroded sur¬ 
faces at high magnifications. 


Production and Composition of the Stf.f.i.s. 

Tho steels were all manufactured by tho coke crucible 
process in the Metallurgical Department of tho University 
of Sheffield. Six ingots were made, ranging from 3ti lb. to 
40 lb. in weight. The carbon contents ranged from 0*10 per 
cent, to 0 90 per cent. The materials employod throughout 
the series were Swedish bar-iron and charcoal. This method 
has previously proved itself by far the most satisfactory one 
for the production of iron-carbon steels of a high degree of 
purity. “ Killing” was effected by aluminium in every case, 
and all the Bteels gave sound ingots. 

The chemical analysis of the steels is given in Table I., 
together with tho distinguishing number employed through¬ 
out the research for each steel. 

It will l>o observed that in no caso do the total impurities 
exceed 0 28 per cent. 


Tabus I .—Anahjrit of Steeh. 


Sled. 

No. 

Cart mo. 

Silicon. 

Manganese. 

Sulphur, 

Phnsptutf-us. 

Aluminium. 


Prr Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent 

I 

010 

O-Oll* 

0-091 

0080 

Ooll 

0112 

2 

0-24 

0-087 

007-2 

0-028 

0D15 

... 

3 

0 30 

01*30 

0 01*4 

0 021 

0-012 

fl’iis 

4 

0® 

0-063 

0 100 

0 020 

0017 

5 

um 

01*43 

0 ICW 

OIKSt 

001(5 

• t* 

B 

Old 

0-018 

0-133 

0K27 

0014 

0-02 
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Treatment of Steels. 

Each ingot was rolled down so as to give about 4 feet of 
f-inch round bar. and the remainder taken down to f inch 
diameter. The treatments employed are briefly described in 
Table II., together with the letters used to denoto the 
respective treatments. 


Table IT. — Treatment* and Charaeierieiir Mark*. 


Treatment. Mark. 

Rolled. R. 

Normalised at U00° C, cooled in air . . . . . N. 

Annealed at DfiC C. (or 20 hours, verjr slowly cooled in furnace . A. 

Quenched from 800° C. in water.C. 

Quenched from 800° C,, tempered at MO" C. . . . . D. 

Quenched from 800 = C., tempered at 000" C.E. 


Details of Treatments. 

Moiled. —Test-bars were turned from the f-inch round bnrs 
as received from the mill. 

Normalising .—This was carried out in a large gas muffle on 
the |-inch size bars. These were put in at 800° C.; the tem¬ 
perature of the muffle fell to about 600° C., and was then 
gradually raised to 900° C. The bars were removed after 
twenty minutes at this temperature, and allowed to cool 
in air. 

Annealing .—This treatment was carried out in a coal-firod 
annealing furnace according to the details given in Table II. 
The J-inch round bars wore employed for this treatment, so 
that the decarburised skin could bo completely machined off 
in the lathe in preparing the test-pieces, and its influence thus 
eliminated from the subsequent tests. 

Quenrhing. The bars were heated in a Bruyshaw salt-bath 
furnace to 800° C., allowed to remain at that temperature for 
fifteen minutes, and then rapidly quenched out in water 
at 15‘C. 

Trmjn-ring .—The quenched bars were heated up to the 
required temperature in a load bath, maintained at that 
temperature for ten minutes, and then cooled in air. 

It must be noted that in both the quenched and tempered 
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series the test-pieces were machined to slightly over the 
finished size before treatment. Any influence possibly exerted 
by the molten salt on the surface of the bar was subsequently 
obviated by the entire removal of the surface in reducing to 
the required finished size. 


Corrosion Tests. 

Method of Experiment. 

Test-bars, 4| inches long by $ inch diameter, were prepared 
from each steel in all states of treatment. Each bar was 
drilled at a distance of J inch from one end, with a hole, & inch 
in diametor, for suspension purposes. The suspension was 
effected by means of thin glass hooks passing through the 
centre of the corks closing the jars, its shown in Fig. 1. 
Separate jars were used for each test-piece, 
and free access by the air to the interior of 
the jar was carefully ensured in each case. 

The test-bars themselves were polished in 
the lathe to a uniformly high dogree of polish . 
with fine emery paper. 

The importance of having the specimens as 
nearly uniformly polished as possible is con¬ 
siderable, and must be insisted upon in com¬ 
parative corrosion testing. The author has 
frequently found, during the microscopic 
examination of corroded surfaces, that the 
finest scratches from the polisliing-biook are 
often productive of more vigorous corrosion ] _ Methodo( 
than occurs in any other portion of the speci- su.pension. 
men, even after several months' immersion 
in sea water. So that uniformity of polish, as the nearest 
practicable ideal, should receive careful attention in experi¬ 
mental corrosion research. 

After polishing, the bars wore accurately weighed, immersed 
in pure ether for at least an hour to remove all grease, dried 
in a vacuum desiccator, and then suspended in 700 cubic 
centimetres of filtered sea water, as shown in Fig. 1. 

1912.—L 



s 
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This sea water was obtained from tho Irish Sea, and its 
analysis is given in Table III. 

The room in which the tests were carried out was well 
lighted, but situated so that no direct sunlight entered it. 
Variations in temperature were largely atmospheric, sis the 
room was not artificially heated. 

Tablk HI.— Analytis of Son Water Employed. 

Specific gravity at IT C.. 10340. 

1000 parts by weight of sea water contain :— 

Parts by Weight. 


Sodium chloride . . . . . 37-20 

Magnesium chloride ..... 3-95 

Magnesium sulphate ..... 1-84 

Calcium sulphate . ] 20 

Potassium chloride.0*77 

Calcium carbonate . o il 


After 91 days’ immersion, the bars were taken out, well 
washed, cleaned with chamois leather until all adherent 
deposits were removed, dried thoroughly, and weighed again. 
The bars wore then re-immersed in the same jars and sea water 
as before, for a further period of 75 days, cleaned thoroughly 
again, and re-weighed. 

The results obtained are given in Table IV., and are set 
out in graphical form in Figs. 2 and 3. The upper and lower 
set of curves in each case are respectively those obtained after 
166 days’ and 91 days’ immersion. 

It will be convenient to consider these results in three main 
groups, as indicating the influence—(a) of carbon, ( b) of treat¬ 
ment. and (c) of time, respectively, upon the corrodibility of 
these steels in sea water. 

(a) Influence of Carlton. 

A comparison of Figs. 2 and 3 shows clearly that the 
influence exerted by increasing percentages of carbon upon 
tho corrodibility of iron is of two distinct types, dependent 
upon the treatment employed. 

In the normal\md, rolled, and annealed steels, where the cool¬ 
ing through the critical ranges during treatment has been 
sufficiently slow to produce well-defined pearlite, the corrodi¬ 
bilities tond to rise with increase of carbon up to 0-81 per cent. 
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carbon, but, without exception, fall again on reaching 0*96 per 
cent, carbon. This points very strongly to the conclusion that 
the corrodibility rises to a maximum at saturation point (0'89 
per cent, carbon), aud begins to fall on the appearance of free 
ceuientito in the steel. Other evidence, given later, also 
supports this conclusion. 

Table TV. —Sea Water Common /iemu/tn. 


Treatment 

Sleel 
N o. 

Carbon 

per 

Cent. 

Weight 

before 

Immersion 

in 

Gram roes. 

Weight 
after 
!»1 Uap’ 
Immersion 
in 

Grammes. 

Loss in 
Weight 
after 91 
Days’ Im¬ 
mersion. 
I’rr Cent. 

Weight 

nfxer 

166 Dm’ 
limner* loti 
in 

Gru mines. 

1 ,IV44 | 

in Weig ht 
after 160 
Days’ Ini- 
mrrsiun. 
Per Cen t. 


1 

010 

63 KOI 18 

B3 5TOO 

0-300 

68-9239 

0*762 

1 

2 

*•■24 

04-5862 

04*9112 

0-424 

64*0067 

0*803 

Anneals*! I 

3 

0*80 

03 8264 

63-500* 

0-41*1 

63*3160 

0 801 

(A). I 

4 

O'M 

*13-0710 

03 4004 

U-421 

03 1314 

0'848 


ft 

OKI 

03-5250 

63-2300 

0-481 

*12*9278 

0K41 

\ 

6 

090 

I3-S870 

63-5926 

0-461 

63*9240 

0-881 


1 

010 

03-7700 

03-5*168 

0-424 

63-2750 

0-786 


2 

024 

113-38*18 

*131120 

0-433 

62-8724 

0KI2 

Normalised 

3 

0-*i 

B4-5350 

04*2546 

043T. 

64-0012 

0-827 

<N). 

4 

0*56 

03-5529 

63*2248 

0-515 

62 933** 

0*974 


5 

081 

64-0190 

63-6424 

0-588 

63-3224 

11188 


S 

ODD 

04 4842 

04 1544 

0-513 

03 8120 

1 012 


1 

010 

04-5524 

042950 

0 399 

041*728 

0*743 


2 

0-24 

64-3982 

04-1500 

0 385 

03 91(8) 

0*08 

Rolled 1 

3 

0.30 

64-5544 

04-3122 

0375 

04 007*1 

0*771 

<R>. i 

4 

0-55 

10-0150 

03-3234 

0 458 

631KIOO 

OK72 


S 

0-81 

010*197 

03-7442 

0508 

*13 4670 

0955 

l 

0 

one 

04-2130 

fiSDOOO 

0'456 

*130457 

*>808 

/ 

1 

010 

64*1459 

rut -shoo 

0-413 

03-0634 

0*771 


2 

0-21 

05 1908 

04'84UO 

0 543 

64-5008 

01*81 

tluencbeil 1 

3 

0-30 

B5-0S68 

641489& 

0-594 

64-9835 

1O10 

(C). I 

4 

0-56 

*152292 

01-8*114 

0-564 

04 52-12 

1 088 


5 

OKI 

05*2700 

04 K765 

0-009 

64-5400 

1124 

v 

0 

0-9B 

05 5860 

B6-1800 

0017 

*14*8552 

1*119 


1 

010 

Ii4fi*194 

64-2920 

0-937 

040610 

01199 


2 

0-24 

04*5400 

64-2920 

0 384 

64-0244 

0-803 

Trmpered 1 

3 

O'.30 

65 1546 

04 "8440 

0 477 

04-52S6 

0 971 

uh. | 

4 

0-85 

64*6988 

64*3364 

0.100 

04-0112 

11*07 


5 

OKI 

65*1828 

04-7130 

0-568 

64*140 

till 


0 

0-96 

04 K88II 

WR042 

0 591 

<M 1238 

1184 


l 

010 

*0*9120 

*21-0589 

0391 

63*4299 

0-754 


2 

0 24 

64*8710 

04-6128 

0-998 

64-3796 

0 757 

' Tempered 1 

3 

0-30 

64-7970 

64-5073 

0-447 

64-2745 

0-806 

Kl. 1 

4 

0 55 

061*28 

64*7286 

0 544 

64*4960 

0KO3 


5 

OKI 

65-832*1 

*15'4578 

0-008 

65 2200 

0 930 


B 

0*9B 

6*1-0814 

65 7**49 

_ 

0 57U 

65*4600 

0 95*1 
























loss in weight per cent 


276 


CHAPPELL: THE INFLUENCE OF CARBON ON 


The ratio of the increase of corrodibility to the carbon per¬ 
centage is more satisfactorily shown in the 166 days’ immersion 



*■—Results of Corrosion Tests on Carbon Steels. 

results than in those taken over the shorter period. From the 
upper set of curves shown in Fig. 2. it is seen that the increase 
in corrodibility after 166 days' immersion is continuous with 


























THE CORRODIBILITY OF IRON. 


277 


the rise of carbon from 0*10 per cent to 0*81 per cent, in the 
case of all threo treatments considered. 



In the normalised and rolled steels this increase is less rapid 
in the low-carbon range, from 0*10 per cent, to about 0*30 por 
cent, carbon, than in the higher range up to the saturation 
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point. Ibis feature in noticeable in the 91 days’, as well as in 
tho 166 days’ immersion results. 

The small influence exerted by carbon in the low percentage 
range, probably accounts for the inconclusiveness of many of the 
relative corrodibility results obtained during the wrought iron 
versus mild steel contest. The greater quantity of slag and 
other impurities in the wrought iron may easily set up more 
than sufficient galvanic action 1 to counteract the decrease in 
corrodibility due to lower carbon contents. 

The annealed specimens arc somewhat loss regular in their 
Jwhaviour with rise of carbon up to the saturation point, than 
is tho caso with the rolled and normalised steels, although this 
irregularity diminishes with more prolonged immersion. The 
preseuco of massive cementito in Nos. 1 (A) and 2 (A), and to a 
Blight extent in No. 3 (A), due to the Fe s C lamina; of the pearlite 
partially coalescing together in the process of annealing, may be 
largoly tho cause of the apparently irregular behaviour of these 
low-carbon annealed steels. 

With regard to the decrease in corrodibility observed with 
rise of carbon from 0 81 por cent, to 0 9 6 per cent., interesting 
confirmation has been obtained from experiments carried out on 
a series of iron-carbon steels containing 3 per cent, of tungsten. 
These steels were kindly supplied by Mr. T. Swinden, B.Met., to 
whom the author wishes to express his indebtedness. 

The analysis of the steels composing this series will be found 
in Table V., and are taken from Mr. Swinden’s paper* on 
“ Carbon-Tungsten Steels," where furthor information regarding 
their microsoopic and othor features mny be found. 


Table V.— Analyst of Carbon-Tun;jttm 


I Mark. 

Carbon 
per Coot. 

Tunnteu 
per Cent. 

Silicon 
[>er Cent. 

Mang.tnnc 

per Cent. 

Sulphur 
per Cent. 

Phosphorus 
per Cent 

Aluminium 
per Cent, i 

924 

m 

921 

930 

965 

964 

014 

0*22 

0*48 

0-67 

089 

1-07 

3-25 

3N 

311 

317 

30* 

309 

0-044 

ooeo 

0060 

0-07H 

0-089 

II up* 

O 065 
0-071 
0075 
0()MO 
0«»3 

0 <6.5 

0-055 

0360 

0*050 

0054 

0040 

0-042 

0010 

0010 

ooto 

0010 

0-012 

0012 

0-011 

0014 


j. m. tn* grvm ana ZnstitnU, ]0H f 

• Journal tf lit trvn c*J Slttl tmOUrntt, 1907, No. L p. 291. 
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The corrodibility tests were carried out under exactly the 
same conditions as those previously described, the only devia¬ 
tion being in the case of steel No. 965, where the test-liar was 
only 3 J inches long instead of the standard length (4§ inches). 
The results, after 91 days’ immersion, are given in Table VI. 

Table VI .—Sea Water Common Itreult* on Carbon-Tungettn Steele. 


Maik. 

Carbon 
pe- CenL 

Tungsten 
per Cent. 

Weight before 
Immersion 

In Grammes. 

Weight afte* 

91 Day*' 
Immei&iiia 
in Grammes. 

Loss In Weight. 
Per Cent 

924 

0*14 

825 

65-34119 

65*1316 

0*308 

922 

022 

3 24 

65*3196 

651)726 

0 378 

921 

0*4* 

8*11 

65-6550 

65 :VAK) 

0*44«5 

929 

0*57 

317 

64 3380 

6411746 

0*412 

965 

0*9 

80S 

4802*0 

47*7780 

0*530 

9414 

1*07 

3 09 

63 "7820 

63 54/70 

0*433 


These results, which are graphically shown in Fig. 4, ontirely 
corroborate those obtained with the iron-oarbon steels. The 



corrodibility steadily risos to a maximum at 0*89 per cent, 
carbon, which is practically the saturation point in this series 
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of steels (lor. ci/.y. The appearance of free cem entile again 
produces a marked decrease. 

Comparison with tko values given by the rolled steels in tho 
iron-carbon senes, shows that the influence exerted by the 3 per 
cent, of tungsten present in these stools is very small, and is 
cjuite insufficient to warrant any definite conclusions as to the 
influence of tungsten on the corrodibility of steel. 

The quenched and tempered steels of the iron-carbon series 
show a continuous rise in corrodibility, with increase of car Ion 
throughout the whole range investigated. No indications of a 
maximum corrodibility ut the saturation point are found, as in 
the previously described instances. 

The proftortional increase in corrodibility is very rapid in 
the range from 0-10 per cent, to approximately 0 40 per cent, 
carbon, but beyond this point the rate of increase relative to 
tho rise in carbon percentage becomes very small. The increase 
in this latter range is remarkably constant. The dissimilarity 
between these two ranges is probably due to incompleteness of 
the hardonite-ferrite solution in the low carbon steels under 
the conditions of quenching which were adoptod. 

The liehaviour of these steels in the higher carbon range 
shows clearly that variations in carbon exert much leas 
influence when the carbide is evenly distributed throughout 
tho steel—either in solution or in the emulsified form—than 
when it is present in the more concentrated normal pearlite 
form. 1 


(b) Influence of Treatment. 

The influence of-treatment is almost as important as that 
of carbon percentage. On the whole, annealing renders the 
steel most resistant to corrosion in sea wator, whilst quenching 
causes it to corrode most rapidly. Normalising decidedly in¬ 
creases the corrodibility of the steels as rolled in this series. 
The extent to which this may prove to be a general rule must 
necessarily be open to modification, and possibly to exceptions, 
in view of the variations in these treatments in practice Tho 
influence of tempering appears to be considerably influenced by 
the temperature at which the tempering is carried out In the 
case of treatment D (tempered at 400° C.). the corrodibility is 
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but slightly less than that of the quenched steels, and generally 
higher than any of the pearlitic steels. On increasing the 
tempering temperature to 500° C., as in treatment E, the 
corrodibility is reduced in all except the very low carbon 
steels. This decreased corrodibility, with rise in tempering 
temperature, is comparatively slight as measured after 91 
days' immersion, but after longer immersion becomes very 
pronounced. 

The inHuence exerted by treatment upon corrodibility may 
be the result of changes produced in the physical or chemical 
condition of the carbide, and also in the physical condition of 
the steel as a whole. The information available regarding 
the factors involved in the corrosion of steel is not yet suffi¬ 
ciently detailed for absolute certainty, but it is nevertheless 
probable that the main factors determining the corrodibility 
of pearlitic steels, and which may be influenced by treatment, 
are as follows:— 

(«) The difference of electrical potential between the pearlite 
and the ferrite or cementite. 

(1) The difference of electrical potential between the Fe s C 
and the ferrite in the pearlite itself. 

(e) The state of division of the Fe„C in the pearlite. 

( d ) The differences of potential existing between various 
parts of the steel due to variations of internal stress. 

Accurate differentiation of the relative importance of these 
factora in determining the sum total of the influence exerted 
by a given treatment is obviously difficult, as the same treat¬ 
ment may not necessarily influence all the factors similarly, 
so far as their influence upon corrodibility is concerned. 
With a view, however, to obtaining some evidence upon this 
point if possible, determinations of the electro-jiotentials of 
steels Nos. 1 and 5 in all states of treatment have been made, 
after several weeks’ immersion in sea water. The method em¬ 
ployed in these determinations has been to combine the steel- 
sea water element with a calomel electrode of known constant 
electro-potential. The electromotive force of the combination 
is then measured by comparison with that of a standard 
cadmium celL The comparison is carried out by a modifica¬ 
tion of Poggendorfs compensation method, a capillary electro- 
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meter being employed to determine the point of balance 
between the two electromotive forces. 

The values obtained may be taken as being at any rate 
roughly indicative of the relative electro-potentials of the 
ferrite and pearlite constituents respectively, in the various 
states of treatment; and also, but to a less extent, of the 
difference ol potential between the components of the pearlite 
itself. The results, together with the corresponding differ¬ 
ences of potential in each case, are given in Table VIL, and 
ore arranged in the ascending ordor of the differences of 
potential. 


Table VIL— Elrctro-poten/ial» in Sea Water, <jr. 


Tre.it- 

merit. 

Electro-potential in Volin. 

Difference of 
Potential in 
Volts. 

Loss in Weight per Cent, 
after IBB Dajrs Immersion 
in Sea Water. 

Steel No. 5, 
OKI per Cent. 
Carbon. 

Steel No. 1, 
0’10 per Cent. 
Carbon. 

Steel No. 4. 
O-fifi per Cent. 
Carbon. 

Steel No. 6. 
+81 perCent. 
Carbon. 

A 

R 

E 

N 

* 

0-2150 

0-2129 

0-2283 

02234 

02218 

021(10 

02100 

02145 

02USS 

0-2U37 

-0.001# 
+0-0029 
+ 01038 
+0-014(1 
+ 0-0180 

0-847 

0-872 

0903 

0274 

1-007 

o-sm 

0256 

0930 

1088 

1111 


On comparing these differences of potential betwoon the 
constituents w,th the corrodibility values in the corresponding 
states of treatment given by steel No. 4 (see Tabic VTI) in 
which steel both ferrite and pearlite are present in consider¬ 
able quantities, a distmet correlation is seen to exist in the 
influence of treatment upon both values. This agreement is 
only slightly less complete in the case of steel No. 5 failing 
in but one instance (Table VII.X 

It appears therefore, that in unsaturated steels containing 
any appreciable amount of pearlite, say from 0 40 per cent, 
up to 0*89 per cent, carbon, the dominant forces governing 
their corrodibility m sea water are the two factors (a) and (b) 
U the galvanic action between the pearlite and ferrite and 
between the components of the pearlite itself. 
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These two factors are accentuated in tempered steels by 
the emulsified nature of the FcjC, which facilitates galvanic 
action in the pcarlite; ami also by the presence of residual 
quenching stresses, which are likely to be sources of differences 
of electrical potential, and consequently of galvanic action. 
The converse of these supplementary factors operates in the 
annealed steels, where the resolution of the pearlite into the 
laminated variety reduces the number of galvanic couples 
within the pearlite to a minimum. The influence of anneal¬ 
ing in removing stresses also comes into play in reduoing the 
liability to corrosion, although a comparison with the corrodi¬ 
bility values of the rolled bars shows that this influence has 
been very' small iu the case of these steels. The wide varia¬ 
tions in steels “ ns rolled," however, render annealing, never¬ 
theless, a necessary safeguard where resistance to corrosion is 
required. 

Endeavours to ascertain, and differentiate between, the 
forces at work in the corrosion of quenched steels have not 
been productive of sufficiently clear evidence to warrant 
definite statements. Attention may be drawn, however, to 
the remarkable similarity in type which exists between the 
corrodibility curves of the quenched and tempered steels 
(Fig. 3), despite the fundamental difference producod in the 
condition of the carbide by the respective treatments. It 
might Ihj mentioned, in this connection, that the electro¬ 
potential of steel No. 5 after quenching was 0‘2040 volts. It 
will bo seen, by comparison with the values given in Table 
VII. for the same steel in the tempered condition, that a very 
drastic change in potential is involved in the tempering of 
quenched steels. This is so considerable as entirely to pre¬ 
clude any possibility of this similarity observed between the 
corrodibility curves being due to any similarity in the electro¬ 
potentials of the main constituents. The evidence conse¬ 
quently tends, by a process of elimination, to attribute the 
similarity to the feature which is common to both their treat¬ 
ments, that is the physical influence, more or less modified, 
of the quenohing process. On the other .hand, this deduc¬ 
tion derives little or no support from the results given by 
steel No. 1, where the influence of stresses is least complicated 
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by the presence of carbon, and which should consequently be 
most productive of corroborative evidenco on this point. 

Moreover, in the range above 0*4 per cent, carbon, in which 
the solution of the carbide may be presumed to have been 
fairly even throughout the steel, the corrodibility curves of 
the quenched ami tempered steels are practically a linear 
function of the carbon contents. The concentration of the 
solution m carbon would therefore appear to exert some in¬ 
fluence, but the small effect producer! by variations in this con¬ 
centration, militate against it being considered a very important 

one. I his question, therefore, is one that requires further 
investigation. 


(C) Influence of Time. 

Comparison between the results, after 91 days and 166 
days immersion respectively, shows that the influence of time 
on the rate of corros,on varies considerably with different steels 
over these periods. The most striking example is that of the 
steels, where the ratio between the rates of increase of cor- 
rosion and of time falls on the average by nearly 10 per cent. 

a i? ^ ° b "L™ ' “ ta “ t0 tho iaflu-nce of time in 
a spcdhe cast* under the conditions of test employed, a series 
of six bars of steel. No. 1 (R) wero 

» , i j y ’’ wero immersed at the same time 

under stimdard conditions, and removed at intervals of 21 days 

plot^n F°ig T “ TaW « VUI ’ “ ld 


Table VIII .—Influence of Time on the Rate of Corrorion. 


ji 

ta 

Carbon 
per Cent. 

21- 

tu¬ 

rn 

S „ 

ill 

til 

£-5 

41 § 

J go 

a 

Je 

M 

> i 
•$. £ 

k 

I s - 

Corrodibility 

Ratio. 

!U 

ill 

1*0 

1 11 

11 

1-3 

1*4 

1-6 

1-8 

1 

010 

010 

010 

010 

010 

010 

o-io 

010 

0 

21 

42 

63 

84 

103 

TOO 

m 

65 3066 

mdtss 

669738 

66-5420 

06-4730 

00 4132 

65 4405 

63 0617 
667350 

66 3000 

66 1767 
65-0619 

0*093 

0 177 

0 267 
0-364 

0 456 
0-863 

100 

190 

287 

392 

400 

604 

US 

208 

234 

234 

224 

232 

228 

338 
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In this low-carb<>n steel the corrodibility is practically 
directly proportional to the length of immersion throughout 
the period covered by the test. 

In view of Langmuir's 1 interesting experiments on the 
mechanical deterioration of steels resulting from corrosion, 
the bars employed in this ** influence of time" series were 



Fig. 5.—[nflucr.cc of Tiroeon Rate of Corrosion. 

tested after immersion on Dr. Arnold's alternating stress 
testing machine. The usual standard conditions of test were 
employed. Similar tests were also carried out on the same 
steel before corrosion, and after 106 days' immersion. The 
results, which are included in Table VIII-, show that no 
appreciable change has been produced in the mechanical 
properties of the Bteel within five months' immersion in sea 
water. 

Notest on the Nature of the Deposit* on the Dart. 

The deposits in general consisted, in the first place, of a 
complete outer layer of a light brown colour, which was 
fiocculent, in nature. This was easily removed on washing, 

1 Journal nf the /ran and Sittl ImtituU, 1011, No. L. p. 1-47- 
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and constitutes the usnal “ rust.” Underlying this was invari- 
ably found u layer of darker brown colour, which was less 
flocculont and more adherent, but could usually be removed 
with comparative ease. Beneath this, on the surface of the 
bar itself, was found a thin layer of a very dark bluish-black 
colour. This was usually found in two forms. Sometimes it 
was very loosely adherent, and washed off fairly easily with 
rubbing, together with the dark brown layer mentioned above. 
I he quenched and tempered steels were usually evenly and 
completely covered by a layer of this form, but the steels 
m the other states of treatment were only partially covered 
by this deposit. The other form, which was found in the 
majority of the steels, and usually in addition to the previous 
one, was mainly concentrated at the lower end of the bar 
Where n was very firmly adherent, and involved considerable 
dilhculty in its removal. This bluish-black deposit tends to 
increase with a rise in the carbon percentage, so that it is 
probably largely composed of the carbide residue resulting 
from the disintegration of the surface of the bar. mixed with 
the ferrous hydroxide, which forms the first sta-m in the 
passage of the iron into the ultimate Fc.CL, or ferric state of 


N(ltrs thc Surf acta of the Corroded Bara. 

The normalised, rolled, and annealed bars invariably showed 
a crystalline appearance on examination after the removal of 
the deposits. These markings were especially pronounced in 
the annealed steels, and tended to become finer with rise of 
carbon. 

This type of surface mu, also found in the „„ c „ chwl „,| 
tempered steel, in the esse of stool No. 1 , „„| 

..tout in steels Nos. 2 and 3; hut in the higher chon 
steel, the surf.ee show, su oven, amorphous .pursue., with 
few or no sign, of cryst.lh.uty occurring. This support, the 
explanation proT.ouslysdrenced, accounting for the irregu- 
knty of the corrod.bihty remit, gitten h, the 1,,,-cJbon 
quenched snd tempered stm-Is, on the score of the incomplete¬ 
ness of the hsnlciute-femte solution i„ the™ , u „ |s J„ der 
the conditions of quenching. 
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Microscopic Analysis. 

The microscopic features correspond quite normally to the 
structures demanded in pure iron-carbon steels by the respec¬ 
tive carbon contents of the series. These have In-on previously 
described by Arnold 1 and others, so that detailed description 
may therefore be dispensed with. The main feature is the 
strong tendency to lamination in the pearlite, which is not 
only found in the annealed steels, but to a considerable extent 
in the rolled steels also. The pearlite in the normalised 
steels is mainly of the diffused variety. In the unquenohed 
specimens of the 0'9tl per cent, carbon steel, the free cemen- 
tite is found as specks evenly distributed over the held. 


Microscopic Examination after Corrosion. 

This section of the work has been confined to the normalised, 
rolled, and annealed steels. The ordinary microsections used 
for the microscopic analysis were omployed, and were taken 
from the treated bars before turning down to finished size. 
The edges of each microsection were coated with paraffin wax 
to prevent any mill scale exerting galvanic action on the 
surface which was being examined. The sections were 
polished exactly os for the usual microscopic examination, 
and then subjected to progressively longer immorsions in sea 
water. Thoy were then examined under the microscope, after 
the removal of the oxides by vigorous rubbing on selvyt 
cloth. 

(a) Steels Nos. 1, 2, and 3. Mild Steels. 

These steels are taken together because structural steels ore 
usually found within this carbon range, and it is in connection 
with this class of steels that the question of corrosion becomes 
most important. 

The first feature in the process of corrosion is the appear¬ 
ance of numerous dark spots due to the action of the 
manganese sulphide. After about two hours' immersion the 
corrosion of the pearlite areas becomes faintly visible. This 

1 Mimhfts of PrikteJingi of I kg /mUittttion of Civil Eaftnetti, 1896, voL cxxkii. 
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pearlite action rapidly increases in vigouP, and begins tq 
extend its influence to the immediately, adjacent Ferrite. 
The attack next develops at the boundaries of the ferrite 
crystals, and after forty-eight hours’ immersion this feature 
becomes very marked (Plate XXX.LLI. Fig. 4). So far as can be 
seen, this action along the ferrite boundaries is different from 
tho production of boundary lines by ordinary etching effects, 
and suggests distinct penetration along these ferrite junctions. 
This may account to some extent, at any rate, for the well- 
known deteriorating influence exerted by prolonged corrosion 
upon the mechanical properties of mild steel. With further 
progress of time, selective corrosion of various ferrite crystals 
sets in, some crystals corroding with comparative rapidity, 
whilst others remain quite untouched. This selective action 
is quite irrespective of the influence of the pearlite areas, 
and can be seen commencing even after forty-eight hours’ 
immersion (Plate XXXIII. Fig. 4). Pitting also becomes pro¬ 
nounced in the ferrite after four or five days, especially in 
tho regions surrounding the pearlite areas. This action, 
together with the corrosion of tho pearlite and adjoining 
areas, and tho solective attack in the ferrite portions, con¬ 
tinues, until, after twenty-one days’ immersion, two distinct 
ty r pes of field begin to develop. The main portion consists 
of a dark corroded background, containing the pearlite areas 
and some of the ferrite. Under the microscope this back- . 
ground is confused and generally indistinct in its features, 
with the exception of a crystalline structure which is some¬ 
times evident under tho low-power magnification. An example 
of thiB is seen in part of Plate XXXIV Fig. 1. The remainder 
of the field, varying from about 30 per cent, of the whole 
in the case of the 0‘10 per cent. Carlton steel, to approxi¬ 
mately 10 per cent, in that of the 0-30 per cent, carbon steel, 
consists of fairly bright and comparatively unattacked ferrite 
areas. The pits previously mention**! are much more distinct 
and numerous, and show distinct signs of geometrical form. 
Three, four, and five-sided figures, suggestive of the various 
sections of the cube, are seen distributed over these ferrite 
areas, and can also be observed, although with greater diffi¬ 
culty, in the ferrite portions of the corroded background. 


Plate XXXIII 




FIG. 1.—Steel No. I (N) after 3l> weeks' 
corrosion in sea water, showing rectan¬ 
gular pits. Magnified ihiinteters 
and reduced. 


Fir., i—Steel No, 1 (N i after 2»» weeks' 
corrosion in sea water, showing rectan¬ 
gular pits. Magnified I'X) mameter* 
nnd reduced. 



Fig. X—Steel No. 1 (N) after 3n 
weeks' corrosion in sea water, 
showing non-rectangular pits. 
Magnified 25“ diameters and 


reduced. 



Fig. 4. —Steel No. 2 (A) after 48 hours' 
corrosion in sen water, showing early 
stages of attack. Magnified 200 dia¬ 
meters and reduced. 



Fig. A—Steel No. 5 (N) after 90 weeks' 
currosioo in sea water, showing pits 
due to manganese sulphirle. Magni¬ 
fied 23“ diameters and reduced. 









Plate XXXIV 




Fm. 1. - Steel No. 2 IA| after 3 weeks 
corrosion in sea water, showing de¬ 
carbonised edge. Magnified 7f> dia¬ 
meters and reduced. 


FIG. 2.—l-ow-carbon steel aftrr 3 weeks' 
immersion in sea water, showing effect 
of roaks. Magnified ‘J>0 diameters and 
reduced. 



Fin. 3.—Low-carlion steel after 3 weeks' 
corrosion in sea water, showing effect 
of roak in the interior of the steel. 
Magnified 3si diameters ami reducer!. 



Fin. 4.—Steel No. 1 (A) aftrr 3 weeks 
corrosion in sea water, showing the 
effect of mill scale action. Magnified 
ISO diameters and reduced. 
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The sections were then examined, after twenty weeks’ 
immersion, so as to obtain information regarding the structure, 
after a period of time comparable in length to those employed 
in the corrodibility determinations. The main background, con¬ 
sisting of the most deeply corroded portions, cannot bo resolved 
under the microscope, except in some areas where the pits in 
the ferrite show up more clearly by reason of their sharp geo¬ 
metrical form. The bright ferrite areas remain, but in smaller 
proportion than before, varying from 20 per cent, to 5 per 
cent, of the whole, with rise of carbon from 01 per cent, to 
0’3 per cent, respectively. The proportion of these bright 
ferrite areas is larger in the annealed than in the normalised 
steels. Careful examination further revealed the fact that the 
surface of these bright ferrite areas was at exactly the same 
level as the original surface of the specimen, as represented by 
a few areas which hail been preserved from attack by a cover¬ 
ing of wax accidentally received whilst coating the sides. This 
identity of level was conclusively proved by the two areas 
both being in perfect focus at 400 diameters magnification, with 
the same adjustment of the objective lens. Thus, in very mild 
steels, an appreciable proportion of the ferrite may remain 
completely uncorroded even after very prolonged immersion in 
sea water. 

Intermediate in depth, between the bright ferrite and the 
deeply corroded background, are also found occasional areas of 
partially corroded ferrite, in which the process of attack has 
not proceeded so vigorously as in those areas found in the 
background. 

The pits in the ferrite constitute a most striking feature, on 
account of the extremely sharp development of their geometri¬ 
cal form as a result of the prolonged immersion. On detailed 
examination being made of the shape of these pits, it was 
found that those in the bright ferrite areas were almost ex¬ 
clusively rectangular, and principally square (Plate XXXIII 
Figs. 1 and 2). Indeed, the total number of non-rectangular 
pits was not usually more than ton or fifteen in the whole of 
the bright ferrite areas, whereas a similar number of rectangular 
pits could often be found in a single one of these areas, as shown 
in the photomicrographs. These non-rectangular pits were not 

1912.—L T 
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usually complete, hut an exceptionally well-developed and rare 
oxaniple is shown in Plate XXXLII. Fig. 3. 

The pits in the partially attacked ferrite, which has been 
previously described, were found to contain a very much larger 
proportion of non-rectangular sections than was found in tho 
unattacked ferrite areas ; whilst the pits in the deeply corroded 
ferrite in tho background, showed a considerable preponderance 
of the non-rectangular sections, so far as they could bo clearly 
seen under the microscope. 

The pits in any particular ferrite crystal wore invariably 
identical in shape, and in the directions of their main axes. 
They are evidently controlled, therefore, by the internal struc¬ 
ture of the crystal itself, so that differences in the shape of the 
pits in respective crystals may be taken as indicative of differ¬ 
ences in the relationship existing between the surface exposed 
to attack and tho axes of those ferrite crystals. 

In view of tho previously described variation in the general 
shape of the pits, with increase in corrodibility, it follows that 
the relationship between tho crystallographic axes of a ferrite 
crystal, and the particular surface of it which is exposed to 
attack, is artrris jtarHnu an important factor in determining its 
rate of corrosion. This is quite in accordance with previous 
knowledge regarding the variation of the solution pressure of 
crystal fact's, with their relation to the crystallographic axes, 
but its practical importance as a factor in the corrosion of iron 
and mild steels has not previously been recognised. 

This factor has an important bearing on the corrosion of 
steel castings, where the crystals on the exterior tend to grow 
perpendicular to the surface during solidification. The relation 
of the exposed surface to tho axes of tho respective crystals is 
practically tho samo in every case, so that differences of potential 
due to this factor will bo at a minimum, and the resistance of 
the surface to corrosion will be proportionately greater in con¬ 
sequence. Other reasons have been advanced, in the past, to 
account for the generally observed resistance of castings to 
corrosion, and are probably to some extent correct, but this 
additional phase of tho question is one which must also bo 
kept in inind. 

Concerning the much debated question of the corrosion of 
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pure iron, it may also bo remarked that it is difficult to see how 
oven the purest iron, in tho ordinary form, could bo prevented 
from passing into solution when immersed in a conducting 
liquid. Differences of potential between the ferrite crystals 
themselves are inevitable, in view of the unavoidable varia¬ 
tions in their respective orientations, so that all tho elements 
of galvanic action would consequently exist. The author would 
venture to suggest this new factor as an addition to Dr. Friend’s 
already lengthy list of the " various factors influencing the rate 
of corrosion of relatively pure iron." 1 

(b) Steel* Nos. 4, 5, and 6. 

The large proportion of pearlito in theso steels causes 
corrosion to tako place rapidly. After one or two weeks’ 
immersion, it is practically impossible to distinguish any clear 
features in the larger portion of the section by means of the 
microscope. After twenty weeks’ immersion the general field 
is confused and indistinct, showing tho round pits due to 
manganese sulphide (Plate XXXIII. Fig. 5). Steel No. 4 shows 
ferrite areas containing geometrically shaped pits, but only 
in the case of the annealed steel are any of these ferrite 
areas bright and outstanding. In the annealed specimens of 
steels Nos. 5 and 6, mainly in the lattor, a similar effect is 
also observed in the poarlite, where occasional areas are fouud 
distinctly raised above the general background. 

The effect of thcarburisatwn was markedly shown in the 
microscopic investigations. The decarburised edge of annealed 
steels (Plato XXXIV. Fig. 1) was invariably much less corroded 
than the remainder of the specimen, and usually remained 
comparatively bright. A specimen of a low-carbon steol con¬ 
taining roaks also showed the same effect after corrosion in sea 
water, the fringe of the roak boing but little attacked. Two 
examples are shown (Plate XXXIV. Figs. 2 and 3). Tho de¬ 
carburised surface of onncakd steels would appear, there¬ 
fore, to bo of considerable value in protecting the steel from 
corrosion. 

Tho action of oxide* in tho corrosion of steel affords peculiar 

1 Carnegie Sckolanktf JUtmairt. 1011. voL iii. p. 2. 
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microscopic features. Several microsections, with some mill 
scale still on the edges, were immersed without any wax 
coating on the sides. The resulting effect upon the surface 
adjoining the mill scale was the production of. a large number 
of roughly circular pits, which extended some distance away 
from the mill scale itself (Plate XXXIV. Fig. 4). The pre¬ 
sence of the bluish-black deposit, which has been previously 
described, produces identically the same effect. 

Solubility. 

The solubilities of all the steels have been determined in 
several acids, and also their electro-potentials after forty-eight 
hours’ immersion. Further investigation into the factors 
involved in the solution of steel in acids is intended before 
any detailed communication on the influence of carbon and of 
treatment on solubility is made. It may be stated, however, 
that the absence of correlation between tho corrodibilities of 
the steels and their solubilities in 1 per cent, sulphuric acid 
solution is very marked. The so-called acceleration tests, in 
which the relative solubilities of Htoels in 1 per cent, sulphuric 
acid solution are taken as indicative of their relative corro¬ 
dibilities in neutral solutions, are entirely misleading and 
unreliable. 


SUMMARY'. 

1. Influence of Carlton on Corrodibility. — ( a ) In rolled, 
normalised, and annealed sleds the corrodibility rises with 
carbon contents to a maximum at saturation point (0 89 per 
cent, carbon), anti talln with further increase of carbon beyond 
this point. (6) In quenchod and tempered steels a continuous 
rise in corrodibility occurs, with increase of carbon within the 
range investigated (up to 0 96 per cent, carbon), no maximum 
corrodibility at saturation point being found in these steels. 

2. Influence of Treatment on UcrrrodibUUy. —Quenching in¬ 
creases the corrodibility to a maximum ; annealing tends to 
reduce it to a minimum; whilst normalising gives inter¬ 
mediate values. Tempering reduces the corrodibility of 
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quenched sleek, but the extent of its influence varies con¬ 
siderably with the tempering temperature. 

3. Factors determining Corrodibility .—The electromotive forces 
between the pearlite and ferrite, and between the components 
of the pearlite itself, are the principal factors determining the 
corrodibility of unsaturated pearlitic steels above 0 4 per cent, 
carbon. In mild structural steels, this galvanic action, due to 
difi'erenees of potential between the constituents, is accom¬ 
panied by galvanic action between the ferrite crystals them¬ 
selves. These difi’erenees of electro-potential between the 
ferrite crystals are the result of difi’erenees in their orientation. 
The state of division of the pearlite, and the presence of 
internal stresses in the steel, may also exert a considerable 
modifying influence on the foregoing factors. 

4. The influence of time on the rate of corrosion varies 
with different steels. In a low-carbon steel it is shown to be 
practically directly proportional to the length of immersion. 

5. The influence of corrosion on the resistance offered by a 
low-carbon steel to alternating stress is not appreciable within 
a period of five months' immersion, 

6. Three per cent, of tungsten produces practically no 
change in the corrodibility of carbon steels. 

7. Decarburisation increases the resistance to corrosion. 

8. The two oxides, FeO and Fe 4 0 4 (mill scale), both exert 
a microscopical pitting effect on steel when in contact with it 
in sea water. 

In conclusion, the author would state that the work re¬ 
corded in this paper has been carried out under the auspices 
of the Research Committee appointed by the British Associa¬ 
tion to investigate the influence of elements on the corrodi¬ 
bility of iron. The author wishes to express his indebtedness to 
the other members of the committee—Professor J. O. Arnold 
(chairman). Professor W. P. Wynne, Profossor A. McWilliam, 
and Mr. F. Hodson, for facilities and assistance afforded in 
tho carrying out of the work, and to Dr. W. E. S. Turner 
(secretary), whose kindly counsel and help in many difficulties 
call for an especial tribute of gratitude. The author's best 
thanks are also duo to Mr. J. H. Harrison, for tho great care 
shown in the preparation and treatment of the test-pieces. 
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discussion on chappell’s paper. 


DISCUSSION. 

Plofwwr T. Turner (Birmingham) said it was an interesting fact 
that an increase of carbon up to a certain extent increased the corro¬ 
sion of steel by diluted acids, but that as the carbon was further 
increased and cementite began to separate the corrosion decreased. 
If they would proceed a little further on that line of inquiry they 
uaturally came to cast iron, and it was well known that white cast 
iron was resistant to aciils. Experiments were made in his laboratory 
lost year by l>r. tiwyer with some samples of cast iron which had 
been exposed to the slow action of acetic acid. It was oliservcd that 
grey cast iron exposed to the action of dilute acid lost its ferrite 
first; the phosphorus eutectic and any cementite was left behind, 
and of course the graphite. It was n very curious fact that the 
action of alkalies wits different. If they took a sample of grey 
cast irou containing phosphorus eutectic uud some carbide and 
heated it with caustic soda or potash, it would he found that the 
phosphorus eutectic and iron carbide were dissolved out first, and 
the ferrite was left. It was an extremely interesting experiment 
to prepare two separate slides from similar iron, one exposed to 
alkalies and one ex|>osed to acids In one case the free iron all weut, 
and in the other case the iron was left. In connection with all those 
corrodibility experiments they must consider uot only the kind of 
metal employed, but also the kind of acid, the strength of the acid, 
and further, the effect of substances other than acids. Whan salts or 
other substances came into contact with iron, they would lead to 
corrosion on one hand, or they might offer a certain amount of protec¬ 
tion on the other. 


CORRRSI'ONDKNCE. 

Mr. John \\. t-oHB (Leeds} wrote that huviiig worked on the 
subject of the influence of impurities on the corrosion of iron, he was 
specially interested in Mr. Chappell's valuable paper, which he hoped 
was only the beginning of a systematic survey of the influence of 
specific impurities. How closely corrosion was llound up with electro¬ 
chemical action between pure iron and those accompanying sub- 
stances which converted it into a material of construction bearing 
the same name hut different in nature, was perhaps never better 
illustrated than by the correspondence between the author’s experi¬ 
mental result- from corrosion tests and the simple theoretical 
deduction previously published in his (Mr. Cobb’s paper), which 
read : “ If other conditions, could he made exactly the same, the iron 
dissolved on etching two irons containing uo impurity hut carbon 
would be in the order of the amounts of the pearlit* (eutectic) present. 
The all-pearlito iron containing 0 3 per cent, carbon would Bhow the 
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greatest rate of dissolution ; any excess of iron or carbon would lessen 
it.” * Tlie agreement was closer than he would have expected for any 
blit carefully normalised metal. The realisation that iron or steel 
was not a chemical entity but a complex substance, containing within 
itself, in varying degrees, the potentialities of its destruction under 
normal conditions of exposure, was bringing into desirable prominence 
the study of the metal itself in the corrosion process. It Imd been 
taken for granted too frequently that a very interesting problem of 
pure chemistry, tlio mode of initial combination of the chemical 
element irou with oxygen, water, and carbonic acid, was tlio only vital 
problem of corrosion. 

In connection with Professor Turner's opening remark, Mr. 
Chapfem, desired to point out that the maximum corridibility at 
0 9 per cent, carbon, described in the paper, did not refer to dilute 
acid, but strictly to sea-water attack ouly, i.e. u practically neutral 
solution. The need for scrupulous care in corrosion work in avoiding 
any confusion between different types of solutions, such as those, 
could not be more effectively exemplified than by the very inter¬ 
esting experiment which Professor Turner himself subsequently 
described. 

The close corroboration of theory by experiment in the case of tlio 
maximum corrodibility at 0‘9 per cent, carbon, as mentioned by Mr. 
Cobb, was particularly interesting. Reference to the context of Mr. 
Cobb's quotation, however, iudicuted the attacking medium under 
consideration to have been of an acid rather than of a neutral nature. 
In view of tlrnt, the author questioned the accuracy of the earlier 
deduction that the corrodibility “ would be in the order of the amounts 
of the peurlite present,” in the case of dilute acid solutions. The 
proportionality of the corrodibility to the pearlito contents was 
obviously only likely to obtain so long as the electro-chemical 
action between the constituents was tbc dominant factor governing 
the corrosion. It Itud previously been tentatively suggested 1 that in 
mineral acid solutions even so dilute as 1 per cent., the difference in 
potential between the constituents was no longer the dominant factor 
in the process of attack, but was probably quite secondary to the 
influence of the actual electro-potential of the steel itself; that latter 
factor, on the other hand, being quite a negligible one when the 
corroding solutiuu was neutral. Experimental data obtained on 
the carbon steels used in the present research had tended strongly 
to support that conclusion, as would be seen from a typical compara¬ 
tive study of some of those results given in the following Table A. 
That drastic change in the nature of the factors involved when a 
practically neutral salt solution was replaced by an even highly 
dilute acid one, called for a sharp differentiation between corrodi¬ 
bility and solubility. It also added emphasis to the previous appeal 

• Journal of the Iron and Slat IrutituU, 1911. No. I. p 170. 

* Chappell anil Hudson. British Asuxiation Jitfvrt, 1910, p. fit?!. 
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Approximate 

Steel No. 4 (0’55 per Cent. Carbon L 

Solution. 

Treat¬ 

ment. 

Electro-potential 




tti Volts between 





Pearlitrand Ferrite 

Electro- 

Corrodibility. 
m Liars' 

Solubility. 



(Steels Nos. 5 

potential 

48 Hours' 



and 1). 

in Volts.* 

Immersion. 

Immersion. 


A 

- 0fl019 

0-2129 

0-847 


Sea water . - 

K 

+OU029 

02300 

0-872 


E 

-+0-0138 

0*2352 

0208 



N 

+O-0140 

0-2091 

0274 



D 

+11*0180 

02000 

1-007 

... 

One per Cent. 1 
Sulphuric Acid-' 

D 

+04W7B 

0-0013 


115 

N 

K 

-0-0117 

0-0061 

0-0082 

02081 


1« 

1*35 

Solution. 

E 

»o-oia 

o-ooio 


j 41 

1 

A 

+ 0-0018 

0*0140 


1’71 


for rigid uttontiou to apparently alight details of that kind if con¬ 
fusion were to he avoided in tho promising nnd rapidly developing 
subject of corrosion research. Attention might also be called to the 
practically complete reversal of the influence of treatment on the 
corrodibility and solubility respectively, as corroborative of the 
absence of any substantial correlation between the action of neutral 
and very dilute acid solutions. 

Despite those facts, however, it might be mentioned that experi¬ 
mental data obtained as to the solubility in 1 per cent, sulphuric or 
hydrochloric acid solutions of several series of steels containing 
carbon as the only variable, indicated that although the solubility 
was not proportional to the peurlite contents, yet the maximum 
solubility did occur at about 0 9 per cent, carbon. Tho position of 
that maximum was exceedingly sensitive to even slight variations in 
the other elements present, notably manganese. 

The author most heartily endorsed Mr. Cobb’s remarks as to the 
need for increases! concentration on tho metal itself, as the central 
factor in the corrosion problem. In view of that gentleman’s encour- 
aging appreciation it might »*> added that the extension of the present 
work, by similar systematic studies of the influence of other elements 
on corroston, was the original intention, and it was hoped tliat subse¬ 
quent circumstances might |»ermit of their completion in due course. 


* After three weeks’ Immersion in sea water; 
cent. HfSOt solution respectively. 


or twenty-four hours’ immersion in t per 
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MANUFACTURE AND TREATMENT OF STEEL 
FOR GUNS. 


liy Genual U CUBILLO (Valla ijolid, Spain). 


Introductory. 

It is about thirty years since steel was doiinitoly adopted 
by the chief countries of the world for gun construction. 
The many difficulties presented in the manufacture of large 
homogeneous masses of steel, and the resistance offered by 
tradition and routine to every change in industrial processes 
were the chief causes of the continuation of the use of cast and 
wrought iron, in the third quarter of the last century, if not 
for the whole construction, at least fur the principal elements 
of guns. The celebrated American artillerist, Rodman, cast 
largo calibre guns, of cast iron exclusively, and applied, during 
and after the casting process, his invention of cooling the inside 
of the gun with water, und of heating the outside in such a 
manner that the inside was compressed by the outside. By 
this the maximum tangentiul resistance of u single tube is 
attained, and it is then best fitted to oppose the pressure of 
the powder. The metal used by Rodman in the manufacture 
of guns was of a quality which has not since been surpassed. 
The pig iron employed was charcoal and cold-blast iron, from 
ores of the greatest purity, so that the resulting cast iron 
possessi.il tho best mechanical qualities. Tho resistance of 
cast-iron guns was certainly increased by the Rodman process, 
though it was not known exnctly by how much, since it is 
impossible to upply the rules of shrinkage to guns treated as 
described. But the improvement so obtained was not sufficient 
for the requirements of tho artillery, and cast iron, whether 
alone or combined with wrought iron or puddled steel, was 
incapable of withstanding very great pressure. It was cer¬ 
tainly possible to fire the guns so constructed with charges 
larger than those employed in ordinary cast-iron guns, but 
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the difference was not grout, since a very considerable part of 
the gun was mode of cast irou, the mechanical properties of 
which are deficient as compared with those of wrought iron 
and steel. In France and Spain a combination of steel, 
wrought iron, and cost iron was tried, the former metal being 
employed for that part of the bore where the pressure is 
greatest, but this combination, which actually produced guns 
more powerful than those made of cast and wrought iron, was 
abandoned since, owing to the progress of metallurgical science, 
tho manufacture of steel in large masses had now become 
possible. The guns made of this triple combination were 
capable of withstanding a pressure of 2200 kilogrammes per 
square centimetre. It was necessary to use quick-burning 
powders in thorn, because, the steel tube not being of tho 
total length of the bore, tho gun at tho cast-irou end was much 
weaker and incapable of withstanding great pressure. It is 
therefore easy to understand why, os soon as it became possible 
to cost great masses of steel, this metal, with its greatly superior 
physical and mechanical properties, was exclusively adopted 
for the construction of large guns. It will alwuys be u dis¬ 
tinction, however, for the Krupp works to have been the first 
to cast great masses of steel, while the Bessemer and open- 
hearth processes wore still unknown to the metallurgists, but 
the method by which Alfred Kmpp achieved his wonderful 
results is so well known that it neod hardly be descrilwd here. 


SECTION I. 

CONDITIONS OK TUB STEEL REQUIRED FOR GuN 

Construction. 

If it were possible to produce u metal at low cost such 
that it possessed a high elastic limit, and also high tenacity, 
great ductility, and resistance to the wear produced by the 
powder gases at great pressure and high temperature. with, 
moreover, u very high melting point, such a material would 
undoubtedly be the most suitable for the manufacture of guns. 
The very great pressure which the material must withstand 
is not, it is true, of great duration or of great frequency in 
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large mid medium-sized guns; but it is necessary to take into 
consideration the fact that what causes this enormous pressure 
is the highly heated gases, which exercise both a physical and, 
in a certain portion of the boro of the gun, a chemical action 
on the metal. As has already been said, steel has been 
adopted us the only material suitable for guns. But steel 
offers so great a variety of types, that it becomes necessary 
to select from among these one which possesses in the highest 
degree the conditions already laid down. If the steel is 
ordinary carbon steel, its high elastic limit is uccompaniod by 
a high tenacity and less ductility than that which accompanies 
a metal of smaller elastic limit and tenacity. The resistance 
of the former metal to dynamic stresses will he less than that 
of tho second, and its melting point will also he lower. The 
gun-makers have universally adopted a metal between the 
dead-soft and the bard stools, namely, an iron-carbon alloy, 
tending rather towards mildness, due socially to its high 
molting point. This last property is now very important, on 
account of the use of the modern smokeless powders, and 
especially the nitre-glycerine powders. The high combustion 
temperuturo of these [>owders, and the incomplete obturation 
of the driving band of tho projectile at the commencement 
of its travel in the boro of the gun, is tho origin of what 
is called erosion in tho bore. The modern experiments of 
Vieillo aud some others made at South Bethlehem, not to 
mention the earlier ones made by Sir Andrew Noble, have 
demonstrated without doubt that the mild steels are better 
able to withstand the effects of erosion, because, amongst other 
properties, they possess melting points higher than those of 
the bard steels. 

An ordinary carbon steel for guns has ubout 0*5 per cent, 
of carbon, and its place in the iron-carbon solution is in the 
series of the metals called stools, having a carbon percentage 
of less than 2 per cent. Tho characteristic of this series is 
that it is not cutoclic at its freezing point, and that it presents 
a similar phenomenon in the subsequent cooling, when it 
arrives at tho point Ar in the cooling curve. All this refers 
only to tho ordinary carbon steel. The ternary alloy of 
iron-carbon and nickel or the quaternary alloy of iron with 
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carbon, chromium, and nickel is employed in the manufacture 
of medium and small guns only, because the cost of such on 
alloy would bo prohibitive in the construction of the larger 
ones, especially now that the principle of uniformity of calibre 
has been adopted by all the navies of the world. It must 
be said, however, that tho A and B tubes for the great 
16-incli experimental gun manufactured in the United States 
are of nickel steel. In adopting this alloy for the construction 
of guns it has teen necessary to diminish the percentage of 
carbon, because if it reached that of ordinary carbon steel with 
percentages of 2'5 to 3 5 per cent, of nickel the steel would 
be very hard, that is, it would bo what Mr. Guillet calls 
“ martensitic steel.” 

Meehauuxtl Tests .—It is not necessary to give here a com¬ 
plete table of the specifications for gun steel as required by 
the armies and navies of the Euro]tean and American powers. 
In all the specifications two different kinds of mechanical 
tests are required : in the one case, that of continuous and 
progressive tension up to the yield point, together with the 
measurement of the elongation after breaking; while the other 
test consists in subjecting the test-piece to a certain number 
of impacts according to details anil conditions fully specified, 
or perhaps to some bending test, equally fully specified. If 
the steel has been manufactured from pure materials, such 
as the best Swedish pig iron and from scrap from the puddling 
of tho best htematito pig iron, and if it has been carefully cast, 
forged, annealed, hardened, and tempered, the tensile tests are 
quite sufficient in tho author’s opinion; while the close ex¬ 
amination of the forgings during machining will, conjointly 
with the tensile tests, also convey a good idea of the quality of 
tho metal, so that the impact or bending tests can bo dispensed 
with. But perhaps it may happen that the heat-treatment 
has not been properly conducted, and that the metal which 
withstands the tensile tests may fail in the impact tests. 
Tho latter aro thoso which give a really good idea of the 
brittleness of the metal. Many years :kgo these mechanical 
and bending tests wore introduced into tho specifications for 
ascertaining the presence of phosphorus in the steel It is 
possible that a motal with a high percentage of this metalloid 
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may give satisfactory results in the static tensile tests, and 
that tho yield point and the ductility may be very good; 
but this Bteel would certainly withstand far fewer impacts 
than a very pure steeL Indeed the tests, which a metal 
suitable for gun construction must undergo, must produce 
stresses similar to those caused in the gun by the powder 
gases. This metal, when the gun is composed of a single 
tube, as is generally the case in mountain guns, passes, in 
on infinitesimal space of time, from the state of repose to a 
strain of two-thirds at least of its elastic limit of static 
tension; and when the gun is a composite tube the concentric 
layers of some of its elements pass in an equally short space 
of time from a state of compressive stress to another of tensile 
stress, both of which are opposite states of stress of con¬ 
siderable importance. Taking into consideration both the 
opposite stresses to which the elements of the guns are sub¬ 
jected, before and under fire, perhaps the best mechanical test 
for gun steel would be that of alternating stresses with con¬ 
siderable variation, these stresses being repeated a certain 
number of times in harmony with the rounds tired by the 
guns. Tho shock tests aro now universally accepted, as has 
been said, in order to ascertain the fragility of the metal. 
The resolutions of the last Congress of “ Les Methodes d’Essai 
des Materials " assembled at Copenhagen recommend a shock 
test with test-pieces, together with a slight nick in one of 
the long sides of the piece. Certainly this test must be 
adopted as one of the means of ascertaining the good quality 
of gun stoel. 


SECTION IL 
Melting of the Steel. 

Of all the processes employed in the melting of steel the 
only ones used in the manufacture of gun steel have been the 
crucible and the open-hearth processes. The first process was 
naturally employed before the introduction of the open-hearth 
method, and for some time afterwards; but the latter has 
now superseded the crucible process, except at the Krupp works. 
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Mention lias already been made of the great claims possessed 
by this firm as the pioneers in casting, by tho crucible process, 
great masses of steel intended for gun construction. Credit 
must also be extended to the English firms of Firth, Vickers, 
and Whitworth, which also employed their energies in the 
improvement of this manufacture. The firm of Kmpp has 
always claimed that the crucible process offers the best 
guarantee for a sound metal for gun construction. Un¬ 
doubtedly it is possiblo to obtain by it a metal of great 
purity with regard to phosphorus and sulphur than by any 
other process, if tho material charged in the crucibles is 
wrought iron from hmmatite pig iron. The metal obtained in 
this case will be tho best possiblo steel, and it will not contain 
occluded gases; or at all events in very small proportion. If 
the metal charged in the crucibles is free from oxides, tho 
only gases dissolved in the steel will be those which have 
passed through the walls of the crucibles. 

In the author’s opinion steel made by the crucible process 
must lack homogeneity, because it is almost impossible that 
the composition of the charge of all the crucibles will be 
the same. It is also impossible to secure uniformity of com¬ 
position in the ingot mould, bearing in mind segregation. The 
only way of securing homogeneity by this process would be to 
teem the crucibles first into a hot ladle, and then into the 
ingot mould. The principal reason for this lack of homo¬ 
geneity lies in the impossibility of analysing all the puddled 
bars which form the charge of the crucibles, classification 
by the eye boing vory uncertain. Therefore, in the author’s 
opinion, a massive ingot of steel cast by the crucible process 
is more heterogeneous than a similar ingot cast by the open- 
hearth process. The open-hearth acid process is generally 
employed for the casting of great masses of steel. The basic 
process can of course bo employed, provided tho materials 
charged are acid; and there is no difficulty in obtaining by 
the open-hearth process, thnt is, by the dissolution in a cast- 
iron bath of a certain quantity of wrought iron or steel, a very 
pure metal, such as is required in the construction of guns. 
All depends on tho purity of the pig iron and scrap charged. 

It is the constant practice of all the steelworks where steel 
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for gun construction is regularly made to employ Swedish 
pig iron of the best, quality, the phosphorus being as low as 
0*025 per cent., and the sulphur lower than this amount; and 
for the scrap, puddled balls or bars from the best haematite 
pig irons. 

By puddling this pig it is possible to obtain a product with 
phosphorus and sulphur os low as 0*001 per cent., and as 
furnaces of 50 or 00 tons capacity arc now very common, and 
as for the costing of the largest element of the new great guns 
it is not necessary to have ingots of more than 100 or 120 
tons, the result is that it is not very difficult to obtain a great 
uniformity of the metal by this process. The conditions of 
open-hearth working permit of working two or three furnaces 
so uniformly that, at the time of casting, the metal of the two 
or three furnaces will be perfectly similar. The steel is much 
exposed to the oxidation of the furnace gases, always in con¬ 
tact with the bath; and to this action is added that of tho 
iron ore incorporated for oxidising in a rapid and energetic 
manner the silicon and carbon in excess of that required in 
the steel. There are many means of diminishing the oxida¬ 
tion of the bath; one of them is to prepare the charge by 
putting in the furnace the greatest passible amount of scrap, with 
tho smallest quantity of carbon, and conducting the rofining 
process by tho furnace gases only without the addition of any 
iron ore. This particular method of working is extraordinarily 
slow; first, because, as the materials, both pig iron and slag, 
are charged at once and cold, the mixed bath is very low in 
carbon and its melting point very high. It therefore requires 
more time for melting it than if the charge had been com¬ 
posed of equal parts of pig iron and scrap Secondly, because 
the oxidation of the carbon by the gases is not so efficacious 
as that by the iron ore, this being more in contact with the 
bath and the former acting only on the surface. Operating 
in this way the final steel is almost free of oxides, and in order 
entirely to eliminate them additions are tnade, at the end. of 
certain iron alloys, such as ferro-mang&nese and ferro-silicon, 
which by their action upon the bath reduce the iron oxides 
dissolved in it. This addition is the more required when tho 
charge has Itcen of equal parts of pig iron and scrap. The 
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percentage of carbon of such a charge at the fusion or melting 
time will be very high, and it is not possible to oxidiso the 
excess carbon to the point required in the artillery steel by 
the action of the gases only, and it is almost imperative to 
employ the iron ore for accelerating the oxidation of the 
carbon. 

Fusion at Trtibia of the ordinary Carbon Steel for Guns .—The 
steelworks at Tnibia comprise two furnaces—one of large 
capacity, capable of taking charges up to 54 tons, and the other 
of 16 tons. Therefore it is possible, working with the two 
furnaces, to obtain on ingot of 04 tons. Tho furnaces were 
supplied by Messrs. Frederick Siemens of London, and are of 
tho usual design. They aro Bitnatod in a straight lino, with 
a very commodious working platform, and are servod by an 
electric-charging crane, of the well-known Wellman type. 

For the service of tho casting shop thoro are two overhead 
electric travelling cranes, one of 75 tons capacity, with one 
motor only of 30 horse-power, and the other is a Niles 50-ton 
capacity crane, worked by four motors of 130 total horse¬ 
power. The second crane, of course, has been more recently 
installed than the first. 

In the fusion of the ordinary carbon steel for guns, the 
materials employed are Swedish pig iron and puddled ball 
from Bilbao hn_>matite pig iron, in order to convey an idea 
of the operation, a heat in tho 16-ton furnace will be 
described. 

The furnace was charged with 7'5 tons of Swedish pig iron 
and 9 tons of puddled ball from Bilbao hicmatite. These 
materials aro charged straight into the furnace, the first 
charged being the pig iron. At 9.2 a.m. the charge was 
commenced, and melted at 2.40 p.m. The first iron ore 
addition of 60 kilogrammes weight was made at 2.50 r.M., 
and anothor of the same weight at 3.15 p.m., followed by 
another of 50 kilogrammes at 3.35 p.m. During the melting 
period and the folloVing 45 minutes nearly all the silicon was 
oxidised. Some minutes after the third iron-ore addition, the 
ebullition of the bath commenced, which evidently proved 
that the oxidation of the carbon was energetically proceeding. 
The iron ore additions followed from time to time as the 
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state of tho bath indicated tho necessity. The operation 
is conducted with the air-valve closed as much as possible, 
so that the metal should not become cold, nor become 
oxidised. The total additions of iron ore amounted to 350 
kilogrammes. At 6.25 P.M. the colorimetric analysis of the 
small sample taken from the bath and very slowly cooled gave 
a percentage of carbon of 0’52 per cent., and as the quantity 
required in the steel must be between 0'45 and 0 55 it was 
decided to tap the furnace, making previously the suitablo 
additions of alloys. These were ferro-manganese and ferro- 
silicon. putting 124 kilogrammes of tho first and 99 of the 
second: the percentages required in the metal wero 0‘55 to 
0-65 per cent, of manganese and Ovl 5 per cont. of silicon. This 
percentage is quite sufficient for obtaining a metal totally free 
from side and central cavities, except those at the top of the 
ingot and the pipe. The metal is poured into a Wellman 
ladle, previously well heated by producer-gas. The ladle is 
then transported by the 50-ton electric crane to the casting-pit. 
where the metal is poured into the mould. 

Inqot Mould .—This is of cast iron, with a wash of refractory 
material, intended to retard the cooling of the metal at the 
top, kooping it fluid as long as possible, so that it may fill the 
space loft vacant by the contraction of tho metal in the rest of 
the mould. The mould both outside and inside has the form of a 
t runcated pyramid (see Fig. 1). The sides of the inside pyramid, 
instead of being plane are curved surfaces joined to one another 
by rounding the edges. It seems natural that, since the 
elements of guns are cylindrical, t.ho ingot moulds should also 
be of cylindrical form inside, and since also the steel, as it 
solidifies, crystallises in crystals whose axes are normal to the 
surface of the mould, the cylindrical form should be the best 
for obtaining good sound ingots without cracks. The reverse 
is what happens. Tho ingots cast in circular rnetal moulds 
have always a deep longitudinal crack, and thus are incapable 
of subsequent forging. Ln order to avoid the occurrence of 
cracks during solidification and subsequent cooling on the out¬ 
side surface of the ingots, they are sometimes cast in refractory 
moulds. But though no cracks occur in ingots cast in such 
moulds, the long time spent in tho cooling of a largo ingot, 
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cast in such manner, produces a very coarse crystalline texture, 
almost impossible of being changed to the proper texture during 
the forging. The experience at Trubia with 40-ton ingots cast 
in refractory moulds has been totally adverse to their use as 
substitutes for metal moulds for the part of the ingot really 
utilised. When this is completely solidified and almost cold 
on its outside, it is taken out of the mould and is coverod 
with ashes until it is completely cool. After this it is care¬ 
fully examined for cracks, which are dealt with by the pneu¬ 
matic hammer. As it is not an easy matter to get rid of them 
entirely by those means, the ingot Is sent to the forging 
shop, where it is subjected to a slight preliminary forging, just 
sufficient to give it n cylindrical form. Any cracks which 
wero not visible in the preliminary examination then appear, 
and are taken out in the lathe. Some very good metal is 
thereby lost, but in the finishing up of the forging no cracks 
appear, and it is possible to finish the pieces with the least 
possible excess in the dimensions required for the hardening. 

Beforo describing the forging, it may be mentioned that, about 
half-way through casting, operations are suspended for an 
instant, while a very small ingot is cast from the ladle. This 
is intended for the full analysis of the metal, and for forging 
a test-piece for a preliminary tensile test. 

In order to study the segregation phenomena in the un¬ 
finished steel, the head from a 16-ton ingot was divided through 
its vertical axis. One of the halves of this head is represented 
in Fig. 2. From it wero taken the samples for analysing the 
carbon, manganese, phosphorus, and silicon. The samples 
wore taken only in ono half of the head, because it was pre¬ 
sumed that the symmetrical parts of the other half must have 
the same composition, os the cond itions of cooling wero equal 
for both halves. The small ingot taken during the casting 
operation, which, owing to its very small dimensions, is free 
from the phenomena of segregation, and fairly represents the 
composition of the steel in the ladle (where it is supposed to 
be completely homogeneous), gave on analysis 0'5G per cent 
of carbon and 0f>7 per cent, of manganese. On comparing 
these percentages with those of the samples it is observed at 
once that there is not a very great difference lietween the 
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PIC. 2.—Analyses of th<- Samples taken from Head of Ingot. Meat No. 1523 
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samples taken at tbe circumference of the head and those of 
the small ingot. But the difference is very great in the 
samples taken in the centre of the head. Here, segregation 
phenomena are in evidence, especially with regard to carbon. 
It is observed that sample No. 1, from the bottom of the head, 
has the same quantitative composition us the metal of the 
small ingot, but in samples Nos. 2, 3, 4 und 5 the percentage 
of carbon increases gradually, being in sample No. 5, four limes 
greater thou in sample No. 1. The manganese increases also, 
but less so; the silicon rnoru than the manganese, while the 
phosphorus in sample No. 5 is double that of No. 1. Thu 
layer of steel, in contact with the ingot mould, represents 
very nearly the composition of the metal, in fact the per¬ 
centage of the metalloids is less. The layer successively 
cooling from the outside yields to the inside layers a certain 
part of its metalloids, until the central part of the ingot is 
reached, which, being the last to solidify and cool, is therefore 
richer in foreign elements. As the ingot mould is not closed, 
und is not in the form of a symmetrical cube, the segregation 
phenomena do not occur in the ordinary ingot motdd in the 
manner described by Howe in his classical book, “ Iron, Steel, 
ami Other Alloys," us the “ Onion type " of freezing. If the 
mould is u perfect cube, and the action of gravity be assumed 
to be counterbalanced, the segregation phenomena should 
occur in a completely regular manner, in layers parallel to 
the sides, and the mctul richer in foreign elements will be 
exactly in the centre of the figure. In the ousting of large 
ingots the segregation phenomena must occur as described, 
because the top of the ingot is the lust to cool, especially 
if, os is the cose at Truhia und elsewhere, the heud of the 
mould is of refractory material, which contributes, to a great 
extent, in keeping the metal fluid longer than if this port of 
the mould were of metal. 

About twenty years ago Brustlein explained, in a report to 
the “ Commission des Methodes d'Essui des Maleriaux ” in 
1392, the lack of homogeneity of steel ingots and segregation 
phenomena in a manner very similar to that already explained 
in this paper, but without the aid of chemical analysis. His 
views as to segregation phenomena are in perfect accord 
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with the manner of solidifying the iron-carbon solutions, as 
ltoozeboom has explained in his diagram. 

Applying their theories to the solidifying of steel ingots 
for gun tubes, it is easy to explain why tho percentage of 
carbon increases from the outside layer in contact with the 
walls of the mould to the centre of the ingot, culminating in 
the greater amount of carbon and of the other foreign elements 
in the upper and central part of the ingot which is the lust 
to set. 

Fluid Compression ,—Fluid compression consists, as overy 
one knows, in applying pressure to tho steel while still fluid 
or semi-fluid. The process has acquired considerable develop¬ 
ment, and is extended to ingots of common steels, whereas it 
was at first only applied to ingots intended for the manufacture 
of guns or for the large shafts of ships. The older fluid com¬ 
pression method is that of Whitworth, whose patent was lakeu 
out in 1866, the chief object of which was to obtain cast steel 
ingots free from cavities. 

The Whitworth process is undoubtedly a very good one, 
and, considered economically, it offers great advantages, but 
in practice not all the advantages of fluid compression are 
obtained. In one of the most important French steelworks, 
where this process is applied to the ingots intendod for tho 
construction of guns, tho author has had occasion to examine 
some of them, and has found that the pipe at the top does 
not entirely disappear. 

In order to demonstrate that the Whitworth fluid com¬ 
pression process gives homogeneous ingots, that is, ingots free 
from segregation, it would 1* necessary to demonstrate it 
practically by dividing a large ingot longitudinally, and taking 
many samples for analysis, from all parts, or at least in the 
upper third. It is certain that in present-day practice with 
the judicious use of dooxidising alloys in the furnace such 
as ferro-manganese and ferro-silicon, and perhaps with a very 
slight addition of aluminium during the casting operation it 
is possible to obtain ingots free from cavities, except at the 
very top, in the central part, as is seen in the head of a 
16-ton ingot, represented in Fig, 2. In this, as in all similar 
ingots, a very sound and homogeneous (78 per cent.) total 
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mass was obtained. In favour of fluid compression it may 
be said that it causes the disappearance of tho deep cracks, 
especially in the bottom of tho ingot. Perhaps this is to be 
attributed rather to the lining of the inside of the ingot mould 
with refractory material. The cracks are always a serious 
defect, and sometimes, if ingot moulds of polygonal section with¬ 
out rounded corners are employed, and the block, after forging, 
is put on the lathe, they appear as dark lines along the total 
length of tho piece, which correspond to tho angles of tho 
ingot. Certainly, in many cases the turnings do not break off 
when the tool cuts across the dark lines, but all the same tho 
appearance of such linos does not suggest a very good quality 
of metal. 

With regard to the improvement of tho mechanical pro¬ 
perties by fluid compression, the author must say that it is 
not very evident to him. Perhaps it is assumed that fluid 
compression during the last period of tho process, when tho 
uictul is in a semi-Hu id state and almost set, confers an effect 
similar to forging. In Whitworth Huid compression, after the 
expulsion of the gases, the press does not cause any deforma¬ 
tion in the ingot, and there counot be forging without de¬ 
formation. Some years ago a new fluid compression process 
was patented by Messrs. Robinson and Rodgers, of Sheffield, 
in conjunction with Mr. Illingworth, of New York. This 
process hail been described by Mr. A. J. Capron. 1 The ad¬ 
vantages derived are that absolutely sound ingots are obtained 
free from cavities and pipe, so that the'whole of the ingot 
ciin be utilisod, without any waste. As it is possible to watch, 
during the compression, the top of tho ingot and the setting 
of the liquated part of the steel, a great improvement in the 
quality of tho metal can be obtained. The ingots ore poured 
in tho same place as they are compressed. The plant is very 
simple and economical, and can be operated by men without 
special tra inin g and, the ingot moulds being in halves, the top 
and bottom sections are equal, which facilitates the rolling. 

Another compression Huid process, which has become very 
well known and accepted during the last years, and is widely 
adopted in France, England, and Germany, is that patented 

1 Journal ofUu Iron and Stool Imtituto, 1906, No. L p. 28. 
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by Mr. Haruiet, of St. Etienne, wbicb has also been fully de¬ 
scribed by him to the Iron and Steel Institute. 1 

In concluding this part of tho paper, the author would repeat 
that in his opinion tho principal advantage to be derived from 
fluid compression lies in its economical aspect. When ousting 
under ordinary conditions, it is possible to utiliso from 75 per 
cent, to 80 per cent, of the ingoL, while with compression it is 
possible to reach 00 per cent. 

SECTION 111. 

Meat Treatment. 

Before proceeding further, it will be convenient to consider, 
at this point, the heat treatment most appropriate for gun steeL 

Ihe steel, having been cast in a mould of truncated cone 
shape, requires, of course, to be forged, in order to give to the 
gun or pan of the gun the required form, which is always that 
of either a hollow or a solid cylinder, of varying length, with 
different diameters outside, and sometimes also inside. The 
annealing after the forging, tho hardening—or hardenings, if 
it is necessaiy to hardeu more than once—and the subsequent 
tempering or temperings, constitute the series of heal treat¬ 
ment processes given to the steel for gun construction. Forging 
U not only necessary for giving the required form, but prin¬ 
cipally to change the crystalline structure of tho large and 
medium-sized castings into one of tiner grain, almost amor¬ 
phous, which is essential for the best development of the 
Physical and mechanical properties of a given steel for ord¬ 
nance purposes. But as it is possible to obtain from a given 
steel, simply by heat treatment, without the aid of the press 
or of the hammer, physical and mechanical properties equal 
to those conferred by forging, it is only natural to ask if the 
forge is absolutely necessary, and whether, instead of casting 
ingots of the usual shape, it would not be possible to cast 
pieces of approximately the Hnal form, ami subject them after¬ 
wards to the heat treatment capable of modifying the texture 
developed by the cooling after the casting. This is a question 
which has been very much discussed for many yearn, and 

* Journal */ tkt Itvu and -V«/ JmttUuU, 1 !WJ, No. U. p. Ur> 
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opinion seems ou theoretical grounds to be in favour of the 
suppression of the forge, but ou practical grounds the forge 
is retained, and there is no indication whatever that it is 
likely to be dispensed with. 

The munner of fixing the amorphous structure obtained by 
heat treatment is to cool the piece very quickly. For thirty 
or more years these facts appear well established, yet the 
specifications of all the armies anil navies of the world con¬ 
tinue to require the use of the forgo in the manufacture of 
gun steel, notwithstanding that eminent metallurgists havo 
demonstrated the possibility of making very good pieces for 
gun construction without the aid of the forge. The tests were 
certuinly made with small pieces many years ago, but an 
enterprising firm in Sweden now makes guns up to 24-centi¬ 
metres calibre without forging. In 1882 Mr. Poured, in a 
{taper read before the Iron and Steel Institute, described 
the series of operations which constituted the whole process 
at the Turre-Noire Steel Works in the manufacture of steel 
hoops for 4-iuch guns. These hoops must, of course, satisfy 
the same specifications as those required for the forged metaL 
After casting the steel with the necessary additions of ferro- 
silicou for frooing the ingots from cavities and securing a 
perfectly sound metal, a heat treatment was given to the 
hoops, which consisted in heating them to a yellow heal and 
hardening them in an oil bath of fixed weight. After being 
cooled in the liquid they were afterwards reheated to a 
temperature which varied from light cherry-red to a dark 
cherry-red, in accordance with the chemical composition of 
the metal. The hoop was then cooled in a bath of the same 
liquid, where it remained until it was perfectly eooL By the 
first hardening the crystalline grain of the metal wus trans¬ 
formed into a finer and homogeneous grain. The second 
hardening confers on the pioces the molecular equilibrium 
corresponding to their chemical composition. 

Tho result of these two operations wls a true hardening, 
inasmuch as the piece wus heated to a higher temperature 
than that of the transformation point, and by this the size of 
the original grain was changed, and the new structure fixed by 
subsequent cooling in a large quantity of oil. 
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Thu second heat treatment, also called hardening by Mr. 
Pourcel, was, rather thau a hardening or annealing, a true 
tempering, which caused the disappearance of the strains 
originated by the hardening, and increased the ductility, which 
had been lowered by the first operation. Sometimes it was 
necessary to repeat the two operations, if the tenacity of the 
metal was less thau that required by the specifications, or only 
the second if the ductility obtained was less than required. 
Mr. Pourcel had some doubts at that time if this process, 
applied to guns of a calibre larger than that of 4 inches, 
would give the same excellent results. His conviction inclined 
him to take the affirmative side of the question. Undoubtedly 
he had thought the subject out in a logical manner, and it 
is not easy to understand why such ideas as these, so well 
grounded, have not. been adopted by metallurgists. The Swedish 
Steel Works, the Akticbolaget Botors Gullspang, for many 
years has been successfully applying steel as cast to the 
construction ot guns. Working systematically, and passing 
gradually from the simple to the complex, they began by 
producing field guns, followed by fortress guns, and finally 
essayed the manufacture of coast and navy guns, commencing 
with a quick-firing gun of 15 centimetres in calibre. The 
United States of America even used a gun of this type, the 
trials of which were commenced in 1902, and gave exceedingly 
good results. 

Recently the author has ascertained that the Bofors Steel 
Works has constructed guns of 21 and 24 centimetres, whose 
elements have been simply cast and afterwards subjected to 
heal treatment. Of course, the elements for the field mid 
fortress guns arc also subjected to proper heat treatment. 
These are facts the importance of which it is impossible to 
deny. They afford evident proof of great advance in the 
way of applying heat treatment alone without forging the 
elements of guns. The author thinks, however, that it is no 
easy matter to east lb-inch and 12-inch gun tubes 50 calibres 
in length, moulding them in a refractory mould. 

There is another reason against the acceptance, by Govern¬ 
ments. of this process of manufacture. It may happen that, 
despite all the precaution and care taken in the ti and 
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casting of the elements in order to obtain pieces absolutely 
free from cavities, a cavity may occur in the thickness of a 
tube without being detected during the mechanical work, and 
may cause the bursting of the gun when firing. 

Hardening and Tempering .—If forging is uecessary, or pre¬ 
sumably necessary, in order to obtain tirst-rate elements for 
the manufacture of the guns, the hardening process is also 
necessary for the tempering. 

To obtaiu these properties in the highest degree must bo 
the supreme object of the metallurgist. The author, during 
many years’ experience in the manufacture of steel, both by the 
crucible and open-hearth processes, for 24-centimetre guns of 
45 calibres in length, has found that however well conducted 
the forging, the transformation of the crystalline structure into 
one of uinorphous, or due grain, is oidy obtained in ibe highest 
degree (if the forging is not completed) by hardening and 
tempering, and sometimes more than one and more even than 
two such operations. As it is not the chief aim of the hardening 
(in semi-hard steel of the type used for gun construction) 
really to harden the metal, and as it is easy to obtain the 
required mechanical qualities by forging only (followed by an 
annealing), it would seem that the hardening might Ikj dis¬ 
pensed with. However, as many years ago hardening in oil 
was introduced with excellent results, the process was retained 
aud formed part of the speoidcations. The Bludy of iron- 
c&rbon alloys has shown the great advantages that, can be 
derived from an udequate heat treatment of the steel. 

The most important point in forging is to dx the limits of 
the temperature within which it is possible to conduct it. 
The highest of course must be the temperaLure at which the 
cohesion of the grains of metal begins to weaken and the 
grains to separate; this last action is due also in part to the 
gas evolved from within the mass. The generally admitted 
hypothesis is that this gas is carbon dioxide formed by the 
oxygen passing through the metal and combining with the 
carbon, though it is possible that carbon monoxide and other 
gases such as nitrogen and hydrogen uru also given oil. When 
a steel is in this state it is said to be burnt, a condition which 
is chiedy distinguished from the overheated state by the 
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separation of the grains. To this can. perhaps, be added the 
great thickness of the ferrite network, which is found when 
the steel cools through the temperature interval. Ar a Ar,. It 
can be said that the upper limit of temperature for forging 
the steel for gun construction is between 1100°-10U0° C. 
The lower limit must bo that of the transformation of the 
metal, as below this temperature the structure is not changed. 
This is the natural and logical limit; but some authors, 
especially Tschernoff, think that forging at lower temperatures 
is convenient. But certainly Tscliernoft' would tind it difficult, 
and even impossible, with the means at his disposal when he 
wrote his celebrated pu|>er, to forge the largo mass required 
for great guns at temperatures below the transformation 
point. 

Coming now to the practical aspect of forging large ingots 
for gun construction, it must be emphasised that it is neces¬ 
sary to heal them very carefully anil slowly. If the tem¬ 
perature of the furnace, when the ingots are introduced, is 
rather high, it is bettor to pre-heat them. Certainly the 
temperature of the furnace is suddenly lowered by the intro¬ 
duction of cold ingots, which naturally take a great part of 
the heat lost by the furouee; but this heat, taken up suddenly, 
causes a sudden dilutution of the outside of the ingot with the 
natural consequence of cracks, and it may occasion the break¬ 
ing of the ingot across. This happens especially if the metal 
is somewh at hard. Ihe two reheating furnaces for the great 
forging press at Trubiu are of tho Whitworth type. Their 
doors are worked by hydraulic power. The largest ingots, 
until recently, forged at Trubia, were 43 tons weight, suitablo 
for the forging of the tubes and other elements of the 24 
centimetres and 45 calibres. As an instance of solid forging, 
that of the A tube for tho 24-centimetre gun may be taken. 
Tho ingot on boing taken out of the mould wLj 16 feet 
6 inches in total length, of which 13 feet corresponded to 
tho pyramidal part, cast in the metal mould, and ihu other 

3 feet 6 inches to the conical part cast in the refractory 
material attachment. The diameter at the two bases of the 
tronco-pyramidal part was respectively 4 feet 10 inches and 

4 feet. The mean diameter of the truncated cone part was 
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2 feet 8 inches (see Fig. 3). The ingot free from all cracks, 
and reduced to a diameter of about 2 feet 8 inches by the 
previous forging, was put in the furnace, where it was heated 
carefully and very slowly during 30 hours, which is a suffi¬ 
cient time for the whole mass to become well and uniformly 
heated throughout. The temperature, as already stated, was 
1100° C. approximately, and tho forging operation is suspended 



Fig. 3. 

at 700° C„ when tho ingot is put, into the furnace again. 
The operation was finished in three heats, and the time taken 
to complete it after the first heating was 15 hours. The 
tube weighed 18 - 5 tons after forging, and its dimensions are 
given in Fig. 4. For tho hollow forget! tubes and hoops, 
40-ton ingots are (also employed. From each ingot two B 
tubes are forged. Tho operation <>1 removing tho cracks and 
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also of the previous forging are the same as those practised 
with tho ingots for the A tubes. Afterwards the blocks arc 
sent to the largo boring machine supplied by Sir William 
Armstrong, Whitworth & Co., where they are bored from both 
ends at tho same time to a diameter of 1 foot right through. 
When this operation is finished, the ingot is cut into two 
halves. The reheating is performed in tho same furnaces and 
conducted with the precautions already described in the case 
of the A tub s. The duration of the first heating is 30 hours. 
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And the first operation practise! is t hat of enlarging the bore 
in a Whit worth drawing pres®. When t he operation is finished 
throughout the length of the tube, the latter has a larger 
diameter and less thickness than at the beginning of the 
operation. The tube then goes again to the furnace, and after 
careful heating the forging is continued, and it is again 
stretched on mandrils of different diameters. The full 
operation involves four reheatings, and the total duration is 
from 13 to 14 hours, the final dimensions of the tube 
being: total length, 17 feet 2 inches, and outside diameters 

2 feet 4 inches, in a length of about 20 inches, and of 2 feet 

3 inches in tho reBt of the piece. The inside diameter is 14 
inches. The great hoops are forged by moans similar to those 
employed with tho B tubes. Sometimes when the ingots from 
which thoy are obtained are not very long, tho hole for the 
mandril is punched in the press after being carofully reheated, 
instead of being bored in the machine. This operation is 
made in one heat, the hole being driven by a conical steel 
tool which enlarges and lengthens the hole. When half of 
the ingot has been treated, it is turned and the operation 
repented on the second half. It is preferable to bore the 
ingot, because in this manner the stoel of the central part, 
with a chemical composition distinct from the rest of tho ingot 
due to segregation, is eliminated. Forging after boring must be 
practised (in preference to forging the solid ingot) when possible, 
because tho action of the press is more energetic in the first 
than in the second case, the press acting on less thickness of 
metal. With hoop No. 1 for a 24-centimetre gun, forged 
hollow, the following notable tensile results were obtained 
after tho full heat treatment. At one end of the hoop, tho 
mean result of three test-bars^ was 52 tons per square inch 
tenacity and 17 per cent, elongation measured in 4 inches, and 
at the other end 54 tons tenacity and 17 per cent, elongation, 
conditions letter than those ordinarily specified for nickel gun 
steel 

Annealing after Forging .—This is an indisjjensable operation 
in the manufacture of steel for guns. If it were feasible 
to finish the forging of a piece in one heat only and in such 
a manner that tho whole piece was finished at an even and 
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correct temperature, then, in this case only, the annealing 
operation could be dispensed with. Some think the operation 
superfluous, as the piece must be heated to a higher tempera¬ 
ture for the hardening process or to a temperature at least 
equal to that required in tho annealing. But forging cannot 
be conducted in tho ideal manner just described, nor is it 
possible, in the last period, to heat the A tubes for large guns 
uniformly throughout their length. The lack of uniformity 
in the finishing temperature requires that the pieces should 
be annealed before passing to the machine shops, to be pre¬ 
pared for the hardening process. After annealing, the metal 
will be in the best possible state for the turning and boring 
operations, and the pieces are less likely to suffer deformation 
during handling. In being reheated preparatory to hardening 
they retain their shape better, and in taking them out. of tho 
furnace for cooling they are less likely to bond and they undergo 
less deformation in the process of hardening. 1 he slight de¬ 
formation in tho finishing mechanical operations is also avoided, 
and exposure to direct sunlight has less effect. Owing to 
these special circumstances, the Government of the United 
States specify, in the construction of howitzers, that the shops 
of the Niles Co., in Hamilton, Ohio, must be always at the 
same temperature. At Trubia, for the annealing after forging, 
tho same furnaces are used as for the hardening. The opera¬ 
tion is conducted very carefully, the temperature in all parts 
of the furnace, and of the piece, l>eing measured with a 
Lo Chutelier pyrometer. When furnace and piece are at the 
proper uniform temperature, the gas is shut otf and the piece 
cools slowly in the furnace. Of course the annealing tempera¬ 
ture must be al>ove the transformation point. The elements 
for field guns aro annealed in a special furnace. Taking into 
consideration their small mnss, they are not individually an¬ 
nealed, but eight or ten are put into the fnmaco at a time. 
They are heated to 900° very carefully, and after reaching 
this temperature they aro slowly cooled. The author thinks 
that the advantages obtained bv annealing, after forging, are 
more marked in the elements for the field guns. 
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•SECTION VI. 

Hardening and Tempering. 

The author has already endeavoured to demonstrate the 
necessity of subjecting to a certain heat treatment the steel 
for gun construction. This heat treatment comprises one or 
more hardenings and temperings as required in ordor to satisfy 
the specifications; and the heat treatment must comprise 
precisely the hardening and tempering. It is also well to 
insist on calling the second operation tempering and not 
nnnealing. because in preparing the pieces for this operation 
they are heated to a temperature Iwlow the transformation point. 
If they were heated to a temperature above that point and 
then cooled slowly tho structure of metnl created by the 
hardening process would absolutely disappear. Perfect har¬ 
dening indicates in the inetal a stato of unstable equilibrium at 
ordinary temperature, because this state is that of equilibrium 
at a temperature above that of the transformation point. 
Mr. Gcorgo Ede claimod that the hardening in oil for the 
elements of guns originated in England at Woolwich Arsenal. 
Tho process originated in consideration of the benefits derived 
from the hardening in oil of hard steel for tools, and in treating 
the milder steels employed in the manufacture of guns in the 
same way it was found thnt the mechanical properties were 
improved. Tschemoff, in his celebrated paper on tho Working 
of Steel, says that for securing uniformity and fine grain it is 
necessary, after finishing tho forging, to reheat tho piece to a 
temperature above the point b, which is that of tho transforma¬ 
tion in his scale, and then to fix the amorphous texturo by 
rapidly cooling it ; this amorphous texture will be more surely 
obtained, tho rapidity of cooling being the same, the less the 
point b in the reheating be exceeded. 

Tschernoff and Woolwich Arsenal coincide in the treatment 
after forging to be given to the elements for gun steel, ami 
this has led perhaps to the process being adopted by some 
manufacturing firms in other countries. At the Krupp works 
the elements for guns are said not to be hnrdened and tem¬ 
pered. The author has explained in another part of this 
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paper the reasons why tho metal must be subjected to heat 
treatment, and it is not necessary to repeat them here. In 
England and in the United Stales oil is exclusively employed 
os a refrigerant liquid; in France and Spain (Trubia Arsenal) 
water is used. Between hardening in oil and hardening in 
water, the temperature (always above that of transformation) 
being equal, the difference is very considerable, owing solely to 
tho rapidity of cooling. In accordance with the remarkable 
work of Le Chatelier, which forms a very interesting paper 
in the Bulletin do la SoctiU Encouragement pour tIndustrie 
Nationale, No. 9. voL cvi., there is a well-marked difference 
in the rapidity of cooling a piece in water or in oil. This 
was well known from the tiino hardening was first prac¬ 
tised, but Le Chatclicr measured mathematically the rate of 
cooling. He operated with very small pieces, and took into 
consideration the extreme interval of temperature, which must 
be rapidly passed for realising the hardening. Knowing that 
the recalescence phenomenon is never produced on cooling to 
a temperature superior to 700° C., and that the tempering is 
not influenced by temperature down to 700° C., he only took 
into consideration in his experiments the time spent in pass¬ 
ing from 700° C. to 600° C., which time, all the remaining 
conditions being equal, gives a very accurate notion, almost 
mathematically exact, of the rapidity of cooling, and therefore 
of the energy of the hardening. The central part of the 
sample, hardened in pure water, employed 5 seconds in pass¬ 
ing from tho temperature of 700° C. to that of 600° C In 
the oil hardening for passing the same interval 43 seconds 
were required, that is, the timo was seven times longer than 
with tho pure water. It must be said that in this experiment 
of Le Chatelier with oil. the rapidity of cooling was much 
less in the interval of 190" C. to 100 J 0., in which interval 
30 seconds were spent. It is natural that this happens with 
all the refrigerant liquids, but in oil it is much more marked, 
and the explanation is, according to Le Chatelier, that 
during the operation tho oil is decomposed and the gaseous 
bubbles cause a circulation of tho liquid, which must cease at 
the end of the cooling. From these experiments, confirming 
by a scientific method all that was known, it is possible 
1912.—L * 
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to state wliat will be the difference of hardening which two 
elements heated to the same temperature and cooled in two 
liquids, both also at the same temperature, should take. If 
the elements hardened in both liquids were intended for large 
guns, and if they should possess great thickness, there would 
be sufficient reasons for thinking that none of the pieces would 
possess, at the ordinary temperature, the structure which it 
possessed at the beginning of cooling. But surely the piece 
hardened in water should be the nearest to this structure. 
Benedicks, in a paper recently read before this Institute, has 
made experiments on hardening in a manner very similar to 
that of Le Chatelier. He says that the most important factor 
in the rapidity of cooling is neither the conductivity nor the 
specific heat, but the latent heat of vaporisation of the liquid. 
The specific heat has a secondary influence, and it is possible 
to dispense with the heat conductivity. The necessary con¬ 
ditions for obtaining from a given bath an efficacious hardening 
are as follow:— 

(1) A high latent heat at vaporisation. 

(2) A low temperature, in order that the vapour bubbles, 
generated in the surface of tho metal, might be easily con¬ 
densed in tho ambient liquid. Whatever may be the pre¬ 
dominant factor in the rapidity of cooling, tho hardening in 
water will always be more energetic than the hardening in oil. 
Therefore, there is no doubt that the hardening in water will 
require a subsequent tempering, more energetic at a higher 
temperature than would have been necessary if the hardening 
had taken place in oil, in order to enable the metal to stand 
tho tensile and shock tests specified. Really the hardening 
tomperature must lie higher than that of the transformation 
point, so that in submerging the piece in the refrigerant, liquid 
the cooling might begin when the steel is yet at a higher tem¬ 
perature than that of the transformation. At tho Trubia Arsenal, 
in the hardening of the elements for gun construction, water, 
as already mentioned, is employed as refrigerant liquid. The 
hardening plant is shown in Fig. 5. The reheating furnaces 
are vertical, and are heated by gas from three Dowson producers. 
The large fumaco is capable of taking pieces 40 feet in length, 
and has four inlets for the gas, regularly spaced. It is built 
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upon the ground floor, and, as is natural in these conditions, 
the tubes are manipulated through a lateral port, hydraulic¬ 
ally. The second furnace Ls of greater diameter than the 
first, and its length is 26 feet. It is intended for the 
reheating of the B tubes and hoops, also for the tubes of 
the medium guns up to 6-inch calibre. The water tank is 
situated betwoen the two furnaces, and has the dimensions 
stated in the drawing. The water, at the time of the cooling, 
has a temperature of 20° C. A 35-ton overhead travelling 
crane is driven by a rope worked by a steam-engine, and 
serves the whole of the hardening shop. When this plant 
was installed twelve years ago the intention was to use oil as 
a refrigerant liquid, as was the practico at Trubia with all the 
guns manufactured before that date, which did not exceed G- 
inch calibre. In accordance with this idea, four tanks capable 
of containing more than 100 cubic metres of oil wore con¬ 
veniently installed ut the top of the building, under the roof, 
and another four tanks of the same cubic capacity were 
installed at the outside of the shop, and on a level lower than 
the ground floor. The hardening tank is in communication 
with the highor and lower tanks by means of a system of pipes 
which are worked by the necessary puss-valves. A steam 
pump can elevate the liquid, when it is cooled, from the lowor 
refrigerant tanks to the higher, and during the hardening it 
is possible to maintain a constant current of oil in such a 
manner that that of the hardening tank should not take a 
temperature so high that the piece instead of being hardened 
is annealed. 

As is seen from the drawing, the capacity of the shop is 
limited to the hardening of elements for 10-inch guns and 
45 calibres in length. 

The measuring of the temperatures is done by the aid of 
the Le Chatelier thermo-electric pyrometer, registering the 
temperature of the tube or hardened piece at different points 
in order to distribute the heat in such a manner that the 
temperature may be uniform. Undoubtedly the best method 
is that foliowod at Woolwich Arsenal, with the long tubes for 
tho 12-inch guns of 45 and 50 calibres, where four or fivo 
Le Chatelier pyrometers are installed, with registering apparatus, 
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and regularly distributed all along the tube; that is both con¬ 
venient and necessary when operating with tubes for guns of 
54 feet in length, or perhaps more, with the excess length left 
at both ends for the test-pieces. It is really very difficult to 
heat uniformly the long pieces of variable thicknesses, and there¬ 
fore to harden them. The difference of operating as physical 
experimenters do in their laboratories with samples of some 
grammes weight, and of dealing with 15, 20, 25 and 30-ton 
pieces, as is the daily practice of the manufacturers of gun 
steel, is enormous. By carrying out the hardening in the 
ordinary way, the cooling of the metal begins at the insido 
and outsido surfaces at the same time. If the cooling is 
more rapid at the inside the interior layers near this surface 
will be compressed and the exterior layers will be in tension. 
The reverse will hap]>en if the cooling is more rapid at tho 



Fla. 6. 

exterior than at the interior surface. The best condition for 
the resistance of guns is that the first case should occur, and 
then not only will the improvement in the structure dorivod 
from the hardening be obtained, but the steel will be in ideal 
condition for withstanding the pressure of the powder gases. 
Upon such considerations was established the St. Etienne 
process, which consisted in cooling tho tubes on the inside 
only. But this process had the great disadvantage that if 
certainty wus attained that the piece was in the best conditions 
for the resistance of the pressure of the gases, tho uniformity 
of the hardening, and therefore of tho structure duo to uniform 
rate of cooling throughout the whole pioce. was lost. 

If tensions or compressions have been produced the layers 
of metal must be distended or compressed. Knowing the 
tensile characteristics of the metal, it is very easy to measure 
the intensity of the tensions or compressions, as they are 
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of a purely elastic character, and it is possible to plot a 
diagram representing the variation of tensile strength in 
terms of the thickness of the piece. In the ordinary practice 
of conducting the hardening operation in the tubes intended 
for gun construction the result generally is that the outside 
surface is compressed, that is to say, the contrary of what 
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TIME IN MINUTES. 

Fio. Cooling Curve for Ordinary Gun Steel (dub™ steel). 

must be most convenient for the strength of the gun. With 
hardening in water, and dealing with carbon steel of 0*5 per 
cont., the tempering operation is absolutely necessary. Even 
when the piece has been heated and hardened with absolute 
uniformity, and the elastic tension caused by the hardening 
should be tho most suitablo for the strength of the gun, 
the tempering of the piece would be absolutely necessary, 
because the hardness due to the hardening would make 
it very difficult, if not impossible, to machine the piece in 















































OF STKEL FOR GUNS. 1 

ordinary conditions of work, and the tensile, bending, nnd 
dynamical properties would not be in accordance with the 
specifications. In hardening in oil, in nearly all cases, 
tempering at a very low temperature, in order to cause the 
disappearance of the light stresses originated, is sufficient, but 
in water hardening, and with metals of 0‘5 per cent, ot carbon, 
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Fig. 8.—Cooling Curve for Nickel Steel. 

the tempering temperature will be near that of the trans¬ 
formation point. 

Ordinarily that necessary for obtaining the best tensile 
properties is about G00° C. It is clear that if these pro¬ 
perties, after the heat treatment, are deficient from those 
specified, or lower than those required, it would bo necessary 
to submit the piece to fresh heat treatment, raising the 
temperature of hardening and keeping constant that of 
tempering, or tho same result can be obtained by giving 
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the piece a new hardening at the same temperature and 
lowering that of tempering, if, on the contrary, the tenacity 
were higher and the ductility less than required, the results 
can he rectified by giving the piece a new tempering at a 
higher temperature. 


Cooling Curves and M iorostbuctukes. 

Even though the cooling curves of different types of steel 
are well known, the author believes it useful to give in this 
paper those of both types of artillery steel, carbon und 
nickel steels (Figs. 6 and 7), the latter being employed 
in the manufacture of field and medium guns. Owing to 
certain difficulties at the IYuhia Laboratoty, it has not 
been possible to obtain the curves of l*oth steels from tho 
liquid 8tote. The range of cooling is therefore from 1000° C. 
to 500° C. for ordinary steel, and from 950° C. to 500° C. 
for nickel steeL Within this range are found tho trans¬ 
formation points, so important for the proper treatment of 
the metal in all the heat treatment operations. Observing 
first the cooling curve of the ordinary steel, it is seen that 
the cooling is generally in accordance with the well-known 
Newton’s Law, and that tho curve has only a well-marked 
point Ar, at 084 C. At this temperature tho curve is con¬ 
verted into a horizontal line for a length of 20 millimetres, 
indicating 200 seconds or 3 minutes 20 seoonds. Tho tem¬ 
perature is therefore constant during this period, indicating 
oomplete equilibrium ot the two component systems, iron- 
carbon. This is the range during which the solid solution or 
martensite, stable at a temperature above 684° C., is trans¬ 
formed into ferrite and pcarlito constituents, with less than 
0 89 per cent, carbon, stable at a temperature below 084° C. for 
this particular steeL Certainly it would not have been difficult 
to calculate the heat of transformation of this steel, taking into 
account tho weight of the sample and its specific heut. From 
the transformation range the rate of cooling diminishes, in 
accordance also with Nowtun's Law. Nickel steel shows also a 
small point of transformation at 656° C.. the horizontal not 


Plate XXXV 


NICKEL STEEL. 



No. 1.—Annealed at !W C. after forging. 




No. 2.—Hardened at 900* C. in water, and tempered at 580 C. 


jina/yrii. Per Cent. 

Carbon ....... 

Manganese ...... ft'475 

Nickel . 2-207 


Etched with picric acid. 


Magnified 50 diameters. 






















Plate XXXVI 


ARTILLERY STEEL. 



No. 1.—Annealed at 900' C. after forging. 




Analysis. 
Carbon . • 

Manganese . • • 


Per Cent. 
. 0-411 
. (r470 


Etched with picric acid. 


Magnified 50 diameter*. 
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being as well marked as in the curve of the ordinary carbon 
steel. All that has been said on behalf of this is applicable to 
ternary nickel stecL 

Photomicrographs have been taken of both types of steels 
in the states of annealing ufter th_* forging, and of hardening 
and tempering (Plates XXXV. and XXXVI.). 
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DISCUSSION. 

N Oreixek, \ ice-President, said the paper dealt with a very 
interesting subject. At the Cockorill works they were engaged in the 
manufacture of guns, but not of any sixe larger than 8-inch calibre. 
Interesting questions arose in connection with the comparison between 
crucible and open-hearth steel, and it might be that, under certain 
conditions, open-hearth steel would lie equal in quality to crucible 
steel. It was of course necessary that great care Bhotild be taken, 
that first-rate materials should bo used, and that the furnace should 
be capable of working at a very high temperature to give metal of a 
quality equal to that attained by high-class crucible steel. 

There was, however, one theoretical consideration, and that was the 
result due to the boiling of the steel, which seemed to him to be absent 
in the open-hearth process. That important phase was met with in 
electric furnace work, where the temperature of the bath was suffi- 
elently high to cause boding, and there was no doubt that owing to 
that boiling the metal produced was quite equal to crucible steel. 
Dial did not imply that steel made in the open-hearth furnace might 
not be of very good quality for gun manufacture. 

The difficulty of obtaining a sound ingot was recognised, and it was 
not at all easy to line a mould with refractory material which would 
stand the necessary high temperature. Generally the steel cast in 
such moulds wa> liable to be less sound than that cast in iron moulds, 
lie believed that the reason for that wu, that when casting was 

aTd n ^ °n t. 1U f re ! ract " r - v lm **' »~M. crystals formed on .hedges, 
and when the forging was turned dark lines of pearl... or some other 
matermi were revealed, and for that reason he Believe,! it was prefer¬ 
able to cast large ingots in iron moulds. K 

With regard to the question of compression, ns far as his cxaerience 
extendwl, it went to show that the process was a very good one and 
he hud great confidence in the Harmet system ' ® 

There was a reference to the casting of guns direct, at Bofom, but to 

m Very Lirge K un9 hH '> so cast. He recognised 

that with suitable arrangements it might be possible to cast large 

In the T ' “f ^ * ** surmotrated 

were ery great. In the case of a large gun it might be necessary to 

deal with pieces of metal measuring from (»0 to 70 feet in length 'and 

it was not possible to obtain such pieces by casting. Mr Gainer 

illustrated by diagrams various methods of casting at an angle in Tier 

to get nd of the objections arising from excessive pre.-s.Tre L d wcnt 

on to say that he had never himself cast guns i„ P t h a t wai but had 

periu?T^ta were SjTo 

which had to wfttounl foS ETLETinch guL'wiitTtrS 
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velocity of 500 metres per second. A plate simply cast on the incline) 1 
system and afterwards treated like the others had given as satisfactory 
a test as the forged plates. 

Mr. J. M. Gledhtm., Member of Council, said the paper was a 
very interesting one. He was reminded, as one associated with tho 
manufacture of guns, that there wore clauses in some of the British 
Government specifications under which anyone divulging State secret* 
connected with tliatkind of work was lialde to five years’ penal servitude, 
so he had to trend rather warily in that connection. The nuthor had 
given a scientific description of the treatment of forgings, but, if he 
might say so, he was not quite up to date in one point — namely, in 
connection with the subject of cracks in ingot*. Ingots that were 
intended for the production of gun forgings ought not to have 
any cracks; they ought, to he inode with a process that prevented 
cracks, because although an ingot might possess cracks which could 
be removed by machining, there was some doubt as to whether the 
material was even then quite free from enicks. On the principle that 
prevention was better than cure, it was l*etfcer to have a process which 
did not give those serious faults. He was now coming to rather a deli¬ 
cate subject—namely, the Whitworth compression system. His firm for 
the past twenty-five years or more hud only made ingots in refractory 
moulds, and subject to fluid prvssuro, and, as the author said, the less 
they altered the section or form of the ingot that they ware.going to 
produce the better; consequently all their ingots were cast in circular 
section for the manufacture of gun steel. They were all subject to 
fluid pressure, with n total maximum of 12,000 tons on ingots up 
to 125 tons. No turning was done on those ingots at all, hut as 
proving the excellence of the surface, when they were machined to the 
extent of |-inch each side those ingots showed no cracks of any 
kind. With that exception, the paper was excellent, and it was 
evident that they knew something about the manufacture of heavy 
ordnance at the Spanish works. The Institute was indebted for that 
valuable paper, which was of a very special nature. It wus an age of 
big things. There were 25,000 and 30,000 ton battleships, and forgings 
W’ere now made for 15-inch and 10-ineh guns. There were even 
whispers that the next gun was to be 18-in. bore, probably weighing 
150 to 200 terns. 

Mr. W. H. Ei.lis, Member of Council, congratulated General 
CubilJo upon having shown what progress had been made in Spain in 
that most interesting subject. As lie had not previously been able 
to read the paper, he did not feel able to speak very fully thereon. 
Alluding to Mr. Gledhill's remarks, Mr. Ellis said he had had con¬ 
siderable experience in working Whitworth fluid-compressed ingots, 
and all the ingots of that character which be had worked with had 
been mast satisfactory. He did not want Mr. Gtedhill or other 
members to feel that the Wliitw'orth fluid process, which was so early 
introduced, commanded the field altogether; and he thought that tho 
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author had not quite done justice to the Harmet system in the some¬ 
what slight allusion he had made to it. Mr. Gledhill alluded to 
ingots of far more weight than were dealt with by the Harmet process, 
and the Harmet process was only excellent in relation to ingots of 
moderate dimensions, because, unfortunately, the curve of pressure 
wont up very largely relatively to the weight of the ingot, and it was 
problematical —it was certainly not proved at present—what weight 
of ingot could be produced satisfactorily by the Harmet process. He 
doubted whether it could deal with a 60-ton ingot, much less the 
120-ton ingot referred to by Mr. Gledhill. If the author, while in 
Great Britain, made further inquiries ns to the progress which had 
been made with tho Harmet system, he would probably find that it 
was confined to gun work where the ingots did not exceed 30 tons in 
weight. ^ The author stated that when casting under ordinary eon- 
ditions it was possible to utilise from 75 per cent, to 80 per cent of 
the ingot, while with compression it was possible to utilise 00 per 
cent He agreed with the latter statement, but he did not agree that 
anybody in Great Britain, or in any other country so far as he knew hail 
found it possible to utilise 80 per cent of the ingot made under ordinary 
conditions with work of such a high-class nature as gun work. It was 
that very fact which had necessitated the introduction of such methods 
as the fluid process, the Harmet and other processes, for the purpose 
of enabling the larger percentage to be doalt with. He thought the 
author wyis far too sanguine in naming that figure 


>tr. A. J. Caph ok (S heffield) and that without going fullv into the 
question of the merits of the compression processes on the quality of 
the stoe! there was one practical advantage following the use of the 
Whitworth the Hurmet or the Jessop method when dealing with 
ingots of the sue referred to by Mr. Gledhill which he would like to 
emphasise The point he desired to make was the greater percentage 

1 T to T !* Wlnch Mr * KlU * & referred. Tkt 

had the further advantage of reducing the total weight of metal which 

had to be dealt with. and was a practical advantage quite apart from 
the actual improvement in the quality of the steel itself. 1 


The I hesidlnt, in proposing a hearty voto of thanks to the author 
for his paper, pointed ont that General Cnbillo had mode a journey 
from bpaiu in order personally to present the paper to the Institute. 

discussicuu" 1 W0Ul rCP 7 ^ Wntillg ^ in 
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hearth process it was possible to obtain a steel for guns fully equal, 
sis regards high quality and excellent mechanical properties, to that 
produced by the crucible process, provided that care was used to 
select only the purest possible raw materials, and to conduct the 
operation in as careful a manner as that prescribed in the paper, in 
order to obtain perfectly sound ingots free from gases. The subse¬ 
quent process of hent treament was, of course, the same whichever 
system was employed. The reason why details of the tensile tests 
to which steel for guns was subjected were not categorically stated 
in the paper, was that the testing methods practised in different 
countries differed little from one another and were well known. 
Latterly, the test-bars for tensile and impact tests had been taken 
across the grain of the parts and not in the longitudinal direction of 
the grain, the reason of course being that the maximum strain which 
guu tubes had to resist was a tangential one. The author was 
entirely iti accord with wlmt Mr. Greiner said with regard to 
the great difficulties of casting tubes and other elements of 12-inch 
guns, especially the internal tubes, which were of the same length as 
the whole gun. He was unable, however, to offer any explanation as 
to how they overcame that difficulty at Bofors with smaller guns qf 
21 and 21 centimetres calibre. Neither had he had any experience 
in tho practice of casting plates for armoured ships at an angle, 
although he thought such a method would certainly be possible by 
making use of large sinking beads at convenient distances apart. 

In reply to the remarks of Mr. Gledhill, he was of opinion thnt 
cracks were not cansed by subjecting the ingots to fluid compression, 
but he was unite certain that by taking the precautions indicated in 
the paper absolutely sound gun tubes could be produced. If the 
cracks could not be got rid of by means of the pneumatic hammer 
before finishing the forging, it would ho necessary to interrupt the 
forging operation for the purpose of removing them with the shears, 
or by means of a cutting tool under t he press. With regard to fluid 
compression, the author reaffirmed that he was convinced of its 
advantages solely from the point of view of economy and as a 
means of getting rid of cracks. The compression of the ingots in 
the fluid state did not improve the physical and mechanical properties 
of tho steel, so far as was known, and uo one could affirm that it did, 
without first milking tests on two ingots of the same chemical com¬ 
position which had undergone the same heat treatment, one of them 
having been compressed in the fluid state and the other allowed to 
cool in the ordinary way. Until the question had been proved in 
that way, ho saw no reason to change his views. Lastly, Mr. Gled- 
liill himself, in discussing Mr. Lambert’s paper read before the 
Institute in 1908, plainly declared that the chemical composition of 
large steel ingots for forging tubes for big guus differed at the two 
ends of the ingot, and thnt tlrnt was due to segregation phenomena. 
Since Mr. Gledhill was undoubtedly referring to ingots which had 
been subjected to fluid compression, he plainly inferred thnt ingots 
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absolutely homogeneous throughout their length could not be obtained 
by compressing the steeL 

W ith nsjiect to Mr. Ellis’s remarks, he wan convinced that by the 
proper use of deoxidising agents in the bath, whether added by them¬ 
selves or in the form of an alloy of silicon, aluminium, or manganese, it 
was possible to obtain the ingots without blowholes, of which 75 to 80 
per cent, of the whole could be utilised. On the occasion of his visit 
to the large works at Sheffield, lie had observed that they were casting 
many ingots in the same manner as practised at Tmbia, and that 
they were not using fluid compression. He hnd not seen there a 
single ingot intended for the manufacture of annour-plnte which had 
been compressed in the fluid state. He had to offer the same 
observations in reply to Mr. (.'apron's remarks with regard to fluid 
compression. The only advantage derived from the operation was 
the greater economy of material, und it would be necessary to confirm, 
by means of practical experiments which would leave no room for 
doubt, the question as to whether any improvement in tho physical 
and mechanical properties could he effected by liquid compression. 
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STEAM-ENGINES FOR DRIVING REVERSING 
ROLLING-MILLS. 

Br JOHN W. HALL (Birmingham!. 

A steam-engine working a largo reversing mill has to perform 
the most severe duty demanded of any engine. 

To drive the rolls fast enough to finish long lengths at a 
single heat, the piston must run at the highest rate possible. 
To attain this speed promptly, there must be a sufficient 
reserve of power to impart to the crank-shaft immediately 
after starting a twist about twice as great as that needed to 
run the engines up to full speed, at which they will develop 
close upon 10,000 horse-power. 

The engine must be under such perfect control that it can 
be kept creeping round until the rolls bite the piece to be 
treated; it must stop instantly when tho piece leaves the 
rolls, and must reverse at once to take it back again ; it must 
gather full speed so promptly that during the last few passes, 
when the section has become so thin as to cool rapidly, it can 
bo got through the mill before it becomes so bard from loss of 
heat as to damage the rolls. 

To ensure promptitude in starting, stopping, and reversing 
the revolving weights must be low and the steam pressure 
high, and yet the reciprocating masses must be light, or their 
weight will produce dangerous shoeks. 

The engines employed for the work usually have pistons of 
about 48 inches diumeter. with a stroke of about 5 feet, and 
make about 120 revolutions per minute. 

At the beginning of each stroke the reciprocating parts, 
consisting of the piston with its rod cross-head and connecting 
rod, by reason of their inertia, offer a great resistance to move¬ 
ment. The pressure must be high enough to overcome this, 
and to give them, in one-eighth of a second, a velocity of 31*4 
feet per second, whioh gravity would neod nearly a whole 


336 


HA LI,: STEAM-ENGINES FOR DRIVING 


second to impart, did they fall freely in space from a height 
of nearly 16 feet. The initial pressure necessary to do this is 
about 120 lbs. per square inch. The momentum imparted 
must then be absorbed, and the parts brought to rest in 
another one-eighth of a second, or a violent blow will be 
struck on the crank-pin and passed on to the crank-shaft 
hearings, wasting much power in mere destructive hammering 
of the brasses. 

The slowing down is best effected by closing the exhaust 
port at a fairly early period of the stroke, so as to confine, be¬ 
tween the rapidly advancing piston and the cylinder cover, as 
much as possible of the exhaust steam still remaining in the 
cylinder from the previous stroke. This is compressed into 
the p>rt and clearance space, where it will replace an equal 
weight of live steam, which otherwise would havo to be taken 
from the boiler. In this way tho piston returns energy not 
utilised in overcoming the resistance of the mill, and stores it 
for use on its return stroke. The cushion of steam reduces 
the knock on the pin when the crank turns the centre, and if 
compression can be carried so far that the cushion pressure is 
as high as the boilor pressure, tho whole oT the surplus energy 
is recovered. 

Now if the engine exhausts to the atmosphere the steam 
remaining in the cylinder may have a pressure of about 2-3 
lbs. higher, or 1 > lbs. absolute, which will rise in pressure to 
68 lbs. when compressed into one-fourth of the space. But if 
the engine exhausts into a condenser the pressure remaining 
in tho cylinder will be only about 2*3 lbs. above the vacuum 
in tho condenser, or say 5 lbs. absolute; and when compressed 
into one-fourth of the space will rise in pressure only to 20 
lbs. per square inch, which will provide a very poor 'cushion 
to bring the piston to rest. 

Nor in this instance is tho economy obtainable by using a 
condenser very great. Tho temperature of steam at a boiler 
pressure of 120 lbs —say 135 lbs. absolute—U 350° at 68 lbs. 
300 , at 20 lbs. 228°, at 17 lbs. 220°, and at 5 lbs \ 6 »° F 
—aUolute pressures in each case. Steam then entering the 
cylinder of an engine exhausting to the atmosphere finds the 
piston, cylinder cover, and port in contact with steam at a 
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temperature of 300° F., while no portion of the cylinder has 
been exposed to a temperature boluw 220° F. 

But steam entering the cylinder of an engine exhausting 
into a condenser fiuds the piston, cylinder cover, and ports in 
contact with steam of only 228° F., while parts of the cylinder 
have been exposed to a temperature as low as 102° F. 

In the case then of the condensing engino initial condensa¬ 
tion will be considerably greater, and more steam must be 
taken from the boiler to fill the clearance spaces. Conse¬ 
quently a condenser, though increasing the power of such an 
engine, increases also the weight of steam used, so that the 
consumption per horse-power will not be much less, but the 
wear and tear will be much more. 

To reduce the range of temperature compound engines are 
somet imes employed. Suppose that between the boiler and 
each 48-inoh cylinder of a reversing engino we place a 
30-inch cylinder, into which the steam from the boiler is 
first admitted. With the simple engino, at the moment of 
reversal, the full boiler-pressure can be thrown on to the 
48-inch piston, which has an area of 1810 square inches, but 
with the compound engine this pressure can be thrown only 
on to the 30-inch piston, which has an area of only 707 
square inches. Consequently the margin of power necessary 
for quick reversal is wanting. To ensure as prompt starting 
as in the case of the simple engine the cylinders would 
need to be nearer 40 and 64 inches in diameter, and this 
would nearly double the cost of the engine and its main¬ 
tenance. 

Methods are in use for banking up the steam in the receiver 
between the high- and low-pressure cylinders of a compound 
reversing engino for use at the moment of reversal, but such 
devices are not very effective. The economy of the compound 
over the simple reversing engino has not been very marked, 
and has been largely duo to the fact that every time an engine 
is reversed a cylinder full of steam is thrown away. In a 
compound engine tho steam from the low-pressure cylinder is 
wasted, but that from the high-pressure cylinder is caught 
and used up in the low pressure. When the steam can be 
used up in this way in a turbine the compound engine would 
1912.—L ' V 


338 


HAW.: STEAM-ENGINES FOR DRIVING 


not. seem to afford a saving of steam sufficient to justify its 
additional cost and complication. 

While, therefore, it is not advisable to exhaust from a 
reversing engine direct to a condenser, the same objections do 
not apply to exhausting at almut atmospheric pressure into a 
turbine, which can utilise this exhaust steam and itself dis¬ 
charge into a condenser, extracting from the exhaust steam 
about as much power as the engine has already got from the 
live steam. 

This becomes possible because the heat in the steam is the 
cause for, and the measure of, its power to give out mechanical 
work, the energy from it being due and proportionate to the 
fall in temperature which occurs when steam is expanded in 
the engine, whether of tho piston or turbine typo. 

Now steam at 120 lbs. boiler-pressure has a temperature 
of 350 F., and if rejected by the piston engine at just over 
atmospheric pressure, or 230° F., tho onginc cannot possibly 
convert into work more than 120° fall in temperature. If 
this steam is then passed through a turbine which can further 
expand it down to the temperature of the condenser, which is 
about 130 F..^the turbine is then turning to account a further 
range of 100 . which otherwise would have to be wasted, 
liecauae no piston engino can usefully expand steam much 
below five-sixths of atmospheric pressure. To do so the pistons 
would have to be of impracticable size and cost, while the 
friction caused by them, together with tho loss of heat when 
such enormous surfaces were subjected to wide variations in 
temperature, would neutralise any gain theoretically obtainable 
by such high grades of expansion. 

The turbine, on tho other hand, has only one rotating part 
carried in two bearings, so that the mechanical friction is 
very low, the flow of steam through it is always in one 
direction, and therefore there are no losses induced by alter¬ 
nate heating ami cooling; there are no clearance spaces to be 
filled up. there are no reciprocating pieces to set up inertia 
or momentum stresses, and therefore the speed of the blades 
is not limited to a maximum of 1900. but may reach over 
19,000 feet per minute. This materially reduces the size 
and cost of tho apparatu& 
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Still the turbine is not usually as efficient at high pressures 
as the piston engine. A well-fitted piston allows very little 
steam to pass it ut any pressure, but the percentage of leakage 
through the clearance which must bo left between the tips of 
the blades anti the casing of a turbine is a serious matter 
at the high-pressure end, where the blades are short, though 
much less at the low-pressure end, where the blades are long 
and the pressure lower. 

Hence tho piston engine is most efficient at high pressures, 
but the turbine at thoso below the atmosphoro, the combina¬ 
tion comprising tho host qualities of both types of prime 
mover. The exhaust turbine removes the only objection to 
the simple reversing engine namely, its high steam con¬ 
sumption. but leaves its good qualities, its simplicity, and 
low first cost, and its amenability to prompt handling and 
rapid increase of speed all unimpaired. 

Figs. 1, 2, 5, 6, 9, 10, 13. 14. 17, 18, 21, and 22 are the 
indicator diagrams obtained from such an engine having a 
clearance space of 10 per cent, of the volume swept out by 
tho piston—the smallest obtainable with piston valves— 
working with a pressure at the steam-chest of 120 lbs. above 
the atmosphoro, and with the steam cut off at various points 
of the stroke. Tho mean speed of tho piston is 1200 feet 
por minute, and tho weight of the reciprocating parts 4| tons 
per cylinder—a fair avorago for such pieces. Figs. 1 to 10 
arc for the engine when non-condensing, and Figs. 13 to 22 
when condensing. 

To allow for the influence of the inertia and moment um of 
the reciprocating parts tho lines A B are drawn across each 
diagram ; they are curved to allow for the irregularities in 
velocity introduced by a connecting rod of tho common length 
—five times that of the crank. 

By taking the difference of pressures shown by the indi¬ 
cator to exist on the two sides of the piston, and deducting 
from this the height of the inertia curve when above, and 
adding the depth when below the line, there are obtained tho 
diagrams Figs. 3, 4, 7, 8, 11, t2, 15. 16, 19, 20, 23, and 
24, shown cross-hatched below each indicator diagram. 

These “ equivalent pressure ” diagrams are most convenient. 
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On them the resistance induced by inertia is subtracted from, 
and the assistance induced by momentum is added to, tho 
force produced by the steam. Then by multiplying the 
“ equivalent pressure " answering to any point in the piston’s 
travel by the effective leverage of tho crank at the same 
instant, the tangential twist actually exerted on the crank 
shaft is accurately known, whatever may be the position of 
the crank. 

The above method is doubtless familiar to all making a 
serious study of the steam-engine, but it may be as well 
to point out how clearly this graphic method proves that 
the condenser, by reducing tho pressure of the exhaust steam, 
impairs the cushion required to bring the piston and its 
attached parts quietly to rest. In Figs. 25 and 26 tho equiva¬ 
lent diagrams for a cut-off at one-sixth of the stroke when 
non-condensing are superposed on the diagram when con¬ 
densing, and the difference between them is cross-hatched. 
Instead of the pressure upon tho crank-pin decreasing, it 
increases towards the end of the stroke, more particularly 
on tho return stroke, in which, owing to the angle of tho 
connecting rod, the speed of the piston is greater during 
tho fourth than it was during the third quadrant traversed 
by the crank-pin. The motion of the piston of an engine 
exhausting into a condenser is that of the foot of a cyclist 
who stamps on his pedals instead of reducing the pressure 
as his foot nears the bottom of the stroke. 

The earlier in reason tho steam can be cut off the less 
of it will tho engine use. But if the valve gear is so arranged 

that steam cannot be carried very far in tho stroke, there 

must be many positions in which, when tho engine is stopped, 
steam admitted to the steam-chest cannot find its way into 
the cylinder because the vnlves block the ports; or, if the 
steam can got in, the position of the crank is such that there 
is not sufficient purchase to turn the shaft round. 

The case of an engine having two cranks set at an angle of 
90° from each other is shown in Fig. 27. The upper part 
exhibits the effort w r hich the steam can exert on the crank 

to start the engine from the state of rest in any position, 

with valves set to cut off at a maximum period of three- 
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quarters of tho stroke. In practice this is found the earliest 
point in tho travel of tho piston to which it is p»ssiUo to 
limit t.he admission in an engine with only two cylinders, 
if such on engine is to start promptly. This allows a minimum 
starting effort of 190,000 foot-pounds in any position in which 
the engine may chance to stand. 

Fig. 28 shows that if a third cylinder be added, and the 
cranks are spaced at an angle of 120° apart, tho valves may 
then be set to limit the admission to half stroke, anil yet there 
will be an effort of 190,000 foot-pounds available for starting 
the engine. The saving in steam due to limiting the maxi¬ 
mum cut off to half instead of to three-quarters of the stroke 
will bo alxjut 30 per cent, at the latest cut off, when the 
consumption of steam is highest. 

The turning moment of the three-cylinder engine when 
running is also much improved. At high speeds, when 
shocks are most detrimental, tho variation between the 
maximum and the minimum turning efforts is as 2*2 is to 
1 in the two-cylinder, but only as 1*5 is to 1 in the three- 
cylinder type. The running at slow Bpeeds is also bettor, 
because the weight of the tliree cranks balance each other 
in any position, and there is none of that tendency to “ hang 
displayed by two-cylinder engines when both cranks come 
to the bottom. 

With two cranks at right angles tho centre of gravity 
of the cranks, pins, and connecting rods is situated at a 
considerable distance outside the axis of the crank shaft; 
at high speeds this sets up a large unbalanced force tending 
to move the engine as a whole upon its foundations, which 
must be massive to absorb the vibration. With three cranks 
spaced equally there is no such unbalanced force tending 
to move the engine as a whole. 

True, both these defects of the two-cylinder engine can !>e 
counteracted by balance weights, but as these add consider¬ 
ably to the revolving weights, they make the engine more 
sluggish in starting and less prompt in stopping. 

From every point of view, then, tho three-cylinder engine 
is superior to the two-cylinder, and its very general adoption 
of recent years is not therefore surprising. 
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Reversing engines, which ore none too large to start quickly, 
all have such an excess of power when at full speed that, 
though the valve gear is linked up, the engines run away 
unless the steam is throttled down from boiler pressure, 
involving considerable loss by *' wire drawing." 

On considering the defects of existing reversing engines it 
occurred to the writer that by still further multiplying the 
number of cylinders and reducing their capacity, the starting 
effort, could be increased and the full boiler pressure utilised 
much later in the run, with a saving of steam both at com¬ 
mencement and finish. 

Fig. 29 shows the working of an engine having five cylin¬ 
ders 36 inches diameter by 36 inches stroke, the combined 
capacity of which is 44 per cent, less than that of three 
cylinders 48 inches diameter by' 60 inches stroke, and 15 per 
cent, less than that of the two-cylinder engine of that size. Yet 
the minimum starting effort of the five-cylinder engine is 42 per 
cent, greater than that of the three, and 37 per cent, greater 
than that of the two-cylinder engines with huger cylinders. 

But apart from tho saving in steam which this would effect 
the shorter stroke of the five-cylinder engine would permit of 
its being run at 200 revolutions, without exceeding the piston 
speed of the larger engines, running at 120 revolutions, so 
enabling a larger output to be obtained from the mill. 

Also the turning moment obtained from the five-cylindor 
engine, as shown in Fig. 29, is so nearly constant that the 
maximum stress on tho crank-shaft, the spindles, and rolls is 
25 per cent, less than with the two-cylinder, and 29 per cent, 
lower than with the three-cylinder engines. 

The cranks also balance each other against gravity in rfny 
position, just as in the case of a three-cylinder engine; so that 
there are no unbalanced forces tending to move the engine as 
n whole on its foundations, and the local unbalanced force 
may be materially reduced. By placing the two adjoining 
cranks, not at 72° apart but at 144°, the weights concen¬ 
trated at the crank-pins go a long way towards balancing each 
other, the disturbing couple being situated at a distance of oidy 
5'56 inches from the centre of the crank-shaft, whereas in the 
three-cylinder engine the couple tending to shake the bearing 
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between the two cranks will be situated at 15 inches from 
the axis of the shaft; and as the centrifugal force is propor¬ 
tional to the square of the speed, the disturbing force, at the 
same number of revolutions, with the five-cylinder engine 
will be as 31 is to 225 in the case of the three-cylinder engine 
—only about one-seventh as great—supposing the weights 
for both engines were alike, whereas the connecting rods of 
the five-cylinder would bo appreciably lighter. 

In addition to these advantages, the first cost of five engines 
with cylinders 36 inches diameter by 3 feet stroke would 
not be more than about three-fourths of that of three engines 
having cylinders 48 inches diameter by 5 feet stroke. 

The cost of the spare parts to be kept in stock in caso of a 
breakdown would also be reduced by about one-half; and if 
the five sections of the crank-shaft were made all precisely 
alike, as could be easily arranged, only one-fifth of a crank¬ 
shaft would be needed to insure immunity against having to 
wait while a new crank-shaft was being made to replace a 
broken one. Indeed there would probably be very little diffi¬ 
culty in r unnin g with four cylinders only for some considerable 
period if desired. 

The most marked advantage, however, would be in the case 
of a plant containing cogging, roughing, and finishing mills. 
In this case the keeping in stock of a complete spare engine, 
evon down to the cylinder and bed-plate to renew any one 
broken, would only add one-fifteenth to the whole cost of the 
three sets of engines, and by making the parts interchangeable 
a damaged engine could be literally lifted out and a new one 
dropped in its placo without stopping the plant for more than 
a few days. 

There is one further point to deal with, namely, the steam 
pressure. 

The higher the pressure against which the engine exhausts 
the more efficient is tho cushion. There seems no reason why 
the common pressure of 120 lbs. should not be materially 
increased now water-tube boilers are available. The writer 
lias had several engines, for the design of which he is respon¬ 
sible, working for some years now with steam of 200 lbs. 
pressure superbeatod 150° F., and has experienced no trouble 
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whatever with them. Pressures of 250 and 265 lbs. have 
long been common in the navy; and there seems no reason 
whatever why steam of 300 lbs. pressure, superheated 150° F., 
up to which temperature no difficulties arise, should not be 
regularly used in reversing engines. 

Fig. 30 shows the theoretical diagrams worked out for a 
reversing engine with a clearance space of 15 per cent, start¬ 
ing with a boiler pressure of 300 lbs. and exhausting against 
a pressure of 80 lbs.; then, allowing for a loss of 15 per cent 
in transfer, this steam is shown erpandod down in an engine 
having a clearance space of 10 per cent, (easily obtainable 
when engines are not required to revorse) expanded three 
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requiring 30 lbs. of steam per indicated horse-power when 
exhausting against a pressure of 80 lbs. per square inch, would 
afford a continuous output of 6416 indicated horse-power 
hours. 

Allowing that this exhaust steam would lose 15 per cent, in 
weight by condensation, Ac., and drop 5 lbs. in pressure, there 
would lie left 163,625 lbs. of steam at 75 lbs. pressure to 
supply blast. Engines worked by this steam, which would 
yield one indicated horse-power for every 31 lbs. of steam 
when dis c har g ing at a little above atmospheric pressure, would 
provide 5278 indicated horse-power for blowing the blast¬ 
furnaces. Tho blast required would be about 4,875,000 cubic 
feet per hour, or 81,250 cubic feet of free air per minute, to 
compress which to 8 lbs. pressure per square inch would 
require about 32§ nett indicated horse-power per 100 cubic 
feet, or 2641 indicated horse-power. Blowing-engines having 
a mechanical efficiency of 85 per cent, and a volumetric effici¬ 
ency of 90 per cent, (giving an over all efficiency of 70} per 
cent.) would absorb in this work 3452 indicated horse-power, 
leaving a margin of 1826 indicated horse-power to meet 
contingencies. 

Deducting 5 per cent, leaves 155,444 lbs. of exhaust steam 
from these engines, which would produce, in an exhaust 
turbine capable of generating one electrical horse-power for 
30 lbs. of steam. 5181 electrical horse-power for the supply of 
current for the various purposes for which power is required 
about a works. 

Seeing there would be only one set of boilers and one set ol 
condensing plant for the three departments—the blast-fur¬ 
naces, rolling-mills, and general electric supply—whilo all the 
engines would be of simple pattern, the first cost of such plant 
would be extremely moderate and the working costs very low. 

It may be interesting to compare this proposed method of 
working with that of doing tho same work by gas-engines, 
taking 1000 cubic feet of gas to produce 11J indicated horse¬ 
power. The gas-blowing engines, to be capable of producing 
the same power as before, namely, 5278 indicated horse-power, 
would require 458,956 cubic feet of gas; to provide electric 
current equal to 5181 horse-power would require 7200 indi- 
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eatod horse-power, consuming 626,087 cubic feet of gns; and 
taking the over all efficiency of an Iigner set at full load at 
60 per cent., or say 55 per cent, average, there would bo 
required 11,665 indicated horse-power to drive the mills, 
consuming a further 1,014.434 feet of gas, making in all a 
total of 2,099,4 i 9 cubic feet. This would leave a surplus of 
1*750,521 feet of gas available for some other purpose. 

Against this, however, would have to be set the interest, 
depreciation, nnd wear and tear of the gas-cleaning and elcotric 
plant and gas-engines, and the higher amount of wages neces¬ 
sary to clean, work, and tend them. 

Which of the two systems would, on the wholo. be the 
cheaper to run would depend upon the price obtainable for 
the surplus power. 


DISCUSSION' ON HALL’S PAPER. 


351 


DISCUSSION. 

Mr. A. Lahbkrton. Member of Council, said he thought the author 
hod made out quite a good case for his proposal to use multiple- 
cylinder high-pressure engines in combination with low-pressure tur- 
binos, but it was well to bear in mind that all such matters hud to be 
considered on their individual merits, and he could conceive many cases 
where it would not be the best arrangement to use an uneconomical 
engine as the prime mover with a view to obtaining a higher economy 
at a later stage. In many cases ho thought it might prove to be the 
truer economy to use compound condensing engines as the prime 
mover, and develop no more power than that required to drive the 
mill. If, however, the circumstances were such that in an installation 
such as proposed by the author the whole power recovered in the 
exhaust steam-turbine could be profitably used in the works, the total 
efficiency of such a plant would bo very satisfactory indeed. 

With’regard to the author’s proposal to use high-pressure engines 
having five cylinders, instead of the usual two or three cylinders, the 
advantages claimed for that arrangement were undoubtedly consider¬ 
able, notably hi regard to the limiting of the variations in the torque 
diagram, whilst at the same time giving nn improved starting torque. 
He could not, however, agree with the author that the cost of such a 
five-cylinder engine would not be more than three-fourths of a two or 
three” cylinder engine of the same starting power, because, although 
the total weight might be somewhat reduced, the total amount of 
work would be very considerably greater; but this was u matter that 
could only be determined by making a design, and carefully estimating 
the weights and work entering into such. Apart from that, he had 
some doubts as to whether the author was attacking tlio problem at 
the right end. The great advance which had taken place in steam 
engineering during the lost few years— particularly in regard to com¬ 
pound steam-turbines working with superheated steam, in which the 
highest efficiency yet recorded in steam prime movers had been realised 
—suggested that the use of such turbines as the prime mover would be 
the ideal way of attacking the problem if reversing of the mill could 
be satisfactorily accomplished. There had been various arrangements 
designed for effecting that reverting of the mills whilst using a high- 
efficiency continuous-running motor, and one of the most interesting 
which be had a knowledge of was that proposed by Dr. Fottinger, 
termed the ‘‘Hydraulic Transmitter.” Broadly speaking, that gear 
consists of:— 

(1) A high-efficiency centrifugal pump driven from the prime 

mover shaft; anil 

(2) A water-turbine fixed to the shaft to tie driven. 

The power water from the centrifugal pump was directed against 
the vanes of the water-turbine, and the connection between the prime 
mover and the driven shaft was therefore purely an hydraulic connec¬ 
tion. When the driven shaft required to be reversed, that was accom- 
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pliabed by a suitable valve turning the power water on to a second 
set of vanes set at the opposite angle, and motion in the other direction 
was thus produced ; and that reversing of the direction of rotation 
was accomplished very quickly and without shock. 

It might not be known to members of the Institute that that 
hydraulic transmitter had been at work on board steamers for the 
lust two years, and an efficiency of 85 per cent hail been steadily got 
from the apparatus. That was a very good result to be got by practi¬ 
cally the first installation that hail l>een made, and seemed to justify 
the hope that higher efficiencies would yet be realised when the 
improvements that experience suggested had been made. 

. ^ * n apparatus as that could be successfully upplied to revers¬ 
ing rolling-mills, it would lead to great economy in enabling continuous- 
running prime movers of the highest efficiency to be used; but that 
was a matter that was not yet determined, although the inventor had 
good bopo that he would succeed in that. The driving of a reversing 
rolling-null, however, was a very different problem from that which 
was involved in marine work, because the highest starting torque was 
called for whilst the mill was at rest; and it. would be interesting to 
see how Dr. iottinger would succeed in handling that problem, and 
what effie.ene.es his apparatus would realise under those conditions. 

In conclusion, he congratulated the author upon the very interesting 
and valuable paper be had submitted. 

Mr. A J Capbon (Sheffield) said that he onlv wished to raise one 
and that wm, with regard to the comparison between the th. ee- 
cylmdcr and the five-cylmder engine. The comparison made by the 
author did not seem to be quite a fair one, as the average tuning 
moment of the five-cylinder engine was very low compared with the 
three-cylinder engine, the minimum starting moment being about the 
same in both cases. 6 

Mr. J. H Hakribos (Middlesbrough) thought that the proposal 
to multiply the cylinders of the rolling-mill engine was hardly i.fthe 

^ » m “ hl P L llwl 1111 the moving and wearing parts, 

and led to the suggestion that there would be more upkeep and more 
wear and tear of various kind* It would in the long run militate 
against the idea of using five cylinders instead of three Quite apart 
from that, there was the question of taking up greater snare and 
space m rollmg-m, 11s was not often available, Mr DunbSten had 
questioned Mr. Hull s remarks that a five-cylinder engine of similar 
power would cost loss than a three-cylinder/and but for the fact that 
presumably Mr. Hall had gone into the n.atter, he Has surnrLd that 
the comparison was so good. The author also mentioned in the paper 
on example of using steam at high pressure in these five cytiX 

rfX.X TV 7 r ,a b r ti0D ,0 stea '“ 300 lbs. and\uper- 
heated loO . That should he just as feasible and possible in a 

rollmg-m ill engine as ,n a marine engine, hut he was not sure that 
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it was possible to get the same class of attention in a rolling-mill 
engine that would be given to engines which were more directly 
under the supervision of men of high calibre. The author also spoke 
of evaporating 50 lbs. of water per 1000 cubic feet of gas, but he 
hardly thought be would get as much as that. That, however, 
did not concern the question very much. The author also spoke 
of generating in exhaust steam-turbines with 30 lbs. of steam per 
electrical horse-power. He did uot mean to criticise the figures too 
much, but he wished to infer that Mr. Hall had taken rather opti¬ 
mistic figures in the example he had given. Apart from that it 
meant that they must have entirely new engines for the rolling-in ill, 
and it was not often they had an opportunity of putting in such 
engines. More often it was a matter of putting in new engines 
upon ground already occupied by others of smaller size, and in that 
event they would be at a disadvantage in the case of mills at present 
working. It was no use spending money on large new engines and 
plants unless there was some market for the surplus output of electric 
power. If there was no market for that there was no need to go 
to great expense to get it. 

Mr. Walter Dixov (Glasgow) said it bad hitherto hecn con¬ 
sidered that the only practical method of dealing with exhaust steam 
was that of juissing it through a turbine, for, as the author had said: 
“No piston engine can usefully expand steam much below five- 
sixths of atmospheric pressure. To do so the pistons would have to 
be of impracticable size and cost, while the friction caused by them, 
together with the loss of bait when such enormous surfaces were suls 
jected to wide variations in temperature, would neutralise any gain 
theoretically obtainable by such high grades of expansion.” He 
thought it would be interesting to those present to know that such 
a statement, though generally accepted, was not universally accepted, 
and that there were at present at work on the Continent several hori¬ 
zontal piston engines of over 1000 horse-power running on exhaust 
steam, and that such engines had been built by an imjiortant engineer¬ 
ing firm for important works, and the claim had been made thnt on 
the score of economy and first-cost, such engines compared favourably 
with the turbine. 

Mr. A. (iREtXKR, Vicc-l*resident, soid he would like the inventor of 
the Fdttinger apparatus to give the Institute some details about it, 
as it undoubtedly had a great future lief ore it. His firm (< 'ockerill 
at Seraing) was building at present a boat with two Diesel oil-engines 
of 600 horse-power each. They were to be run at 340 to 360 revolutions 
per minute, which was too much for the screws. The screws were to 
run at from 60 to 75, and never more than 90 revolutions per minute. 
The Fdttinger apparatus was placed between the oil-engines and the 
screws, and experiments carried out at the Vulcau M orks at Stettin, 
under the supervision of Mr. Fdttinger, had proved that the loss of 
power between the motor and the screw was not more than 15 per cent. 

1912.—L z 
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This was a vary good result, when the increased facility which the 
apparatus gave in stopping and reversing was token into account. 
There was only one controlling lever, and the apparatus enabled the 
Diesel engines to be run at a constant speed of about 340 revolutions 
per minute, while the screw could go slowly or quickly according to 
needs. The ship was not yet finished, but, judging from the experi¬ 
ments he bad witnessed at Stettin, he did not seo whv the Fottinger 
system could not be used successfully for rolling-mill work, in connec¬ 
tion with reversing engines. 

More than thirty-five years ago hu made the acquaintance of 
Mr. Menelaus at the moment when he was changing his beam- 
engines at Dowlois, because he found they were not running fast 
enough to roll rails of the great lengths Which were required at 
the time, and the difficulty was how to replace those old-fashioned 
beam-engines by reversing ones, lie (Mr. Greiner) came to England 
with one of his foremen, and saw that everywhere the same type 
of geared engine was in use. He believed it was the original type 
of reversing engine designed by Itamsbottom. When he came to 
Dowlnis ho asked how they proposed to alter the engine there. They 
would not teU lam, but when they left the works his foreman and he 
came to the conclusion tliat there was no reason whv a mill should 
not be driven direct from the steam cylinders, just as a locomotive 
or a pa.ldle.ship was, and they knew that in the neighbourhood of 
Dowlais there was a works in which rolling was done by means of an 
ol,l engine with two inclined cylinders, token out of a steamship. 
They did not see that engine, but went home with the idea that what 
was possible in slops should also be possible for rolling-mills, if ll.ev 
could give sufficient strength to the crank shaft, the calculations of 
which was scarcely understood at the time. However, they succeeded, 
and the first engine they built gave very good results. Since then 
they bad built many reversing engines for other manufacturers Ho 
did not see why, if engines ships could be controlled by such an 
apparatus as the Fottinger transformer, that apparatus could not also 
lie used in the case of rolling-mills. 

Mr. T. C Hltcuiskox (Skinningrove) said some reference had been 
made to boiler efficiency, because steam effiri„r,rv i i . 
on boiler efficiency. With regard to the boiler which wns'Vhe in- 

rT the^woriuThe ^ 1 

one of Professor Bone’s balers, which was rapable of .Valuing 500 
gallons per hour They had had very careful measurement of the cos 
consumption, and they fmind that there was an efficiency „ 95 L r 
cent, of the gas consumed. Tliey used a small proportion of * P 
to drive a fan. The boiler, which had a diameter of 10 f \ \ 

cmly 3 feet long, was in coiistont work. His firm would lie Very S 
to show anybody who was mterwted in the boiler its method ofornra- 
tion. K.v means of a meter they ascertained the amount of gas 
consumed by the boder. This gas was obtained from coke-ovens and 
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the calculation had been very carefully made. He had seen the 
measurements of gits for the experimental boiler supplied with gas 
from n general supply, and the efficiency of the smaller boiler very 
closely approximated to that of the larger boiler. 

The Presidevt. in moving a vote of thanks to the author, said 
that was uot a paper which could be discussed hurriedly, and be 
hoped that members would contribute their views in writing. The 
remarks by Mr. Lamberton raised a very important question with 
regard to the application of power, and it would be very interesting 
indeed if Dr. Fottinger could be induced to submit a paper to be 
mnl at the next meeting, lie trusted that Mr. Louilterton would 
do what he could to bring about that result; they would bo very much 
obliged to him if he would do so. lie was sure they would agree with 
him in tendering their best thanks to Mr. llall for his paper; at the 
same time the best thanks of tho meeting were also due to Mr. 
Hutchinsou for his kind offer to give members an opportunity of 
seeing the Bone boiler in operation. Mr. Hutchinson had been 
good enough to allow him to see the boiler, and he felt sure that 
members would be very greatly interested if they accepted that 
gentleman’s invitation. 


CORRESPONDENCE. 

Mr. Hall, in replying on the discussion, wrote that Mr. Lamberton 
had put the matter in a nutshell when he said that every case required 
to be considered on its own merits, lie (Mr. Hall) did not pretend 
that his suggestion was of the nature of a patent pill guaranteed to 
cure all the troubles in a steelworks, or to lit in with every possible 
and conceivable condition. He had simply brought it forward as one 
method, which he thought was worth considering, and whether ho had 
made out his case or not was a question which he would leave to the 
members to determine. Mr. Lamberton had mentioned the Fottinger 
system of hydraulic transmission. But if hydraulic transmission was 
to be adopted, why use an engine at all? He (Mr. Hall) thought 
that one of the most promising schemes, and one which was being 
experimented writli on the Continent, namely using the Humphrey 
pnmp, with which many of the members were familiar, was far 
simpler. It was an explosive gas pump, delivering water under a 
high pressure, which could be employed to drive reversing turbines. 
The advantage of that arrangement over an ordinary gas-engine was 
obvious, os there would be no pistons to cause trouble, and there 
should be no necessity for cleaning the gas, because the valves could 
be washed by the water at every stroke. He had an idea that that 
system of generating and transmitting power liad a great future before 
it. He would have been interested to hear more about it, and re¬ 
gretted that the gentleman who could have given them the information 
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on the matter was not present. With regard to the question of the 
average tnrning moment, it was quite true that the five-cylinder 
engine would not lu»ve the same average turning moment as the 
three-cylinder, but against that disadvantage had to be set the fact 
that there would be an excess of power. The real difficulty with a 
reversing engine arose in connection with the starting moment, and 
the sluggishness with which the engine got up speed. It was the 
minimum, not the mean turning moment, that determined the start. 
When the engine was once started there was always an excess of 
power, and the engine should be so arranged as to secure its power 
at the earliest moment: they always had more than enough power 
towards the end of the run, and had to throttle down the steam by 
hand. True they had five engines to look after instead of three, 
but they were smaller. What about the six-cylinder engines which 
Mr. Greiner and others on the Continent used, having three high- 
pressure cylinders with three low-pressure cylinders behind them! 
If those were justifiable, surely those he (the author) proposed were. 
It did not follow that the smaller and more numerous parts would 
cost more to repair than they would if fewer and larger. In any case 
it was a question of balancing advantages and disadvantages, and that 
applied to all such eases. The difficulty of getting the engine into u 
confined space was of course real, but in many cases that would not be 
serious, for though the five-cylinder engine would bike up a greater 
length along the crank-shaft than the two^ cylinder, it required less 
space in the other direction. There was not a’ great deal of difference 
either way in that respect. Mr. Dixon had mentioned the use of 
piston engines worked with steam exhausted at about atmospheric 
preasure from other enginea He was rather surprised to hear that 
t mt had been done successfully, and if they would follow his figures he 
thought they would agree with him that it was a little surprising. 
The avadable pressure was only 15 lb*.: the back pressure could hardly 
he less than 9 Urn .winch would make the net available pressure for 
driving the mills 12 lbs. They could not rely upon getting a diagram 
factor of more than 80 percent., and that would bring down the work¬ 
ing pressure to an equivalent of about 9 lb*, effective pressure They 
would have to deduct something for the friction of the engine, and he 
did not think there woedd be more than 7 lbs. actual effective pressure 
remaining out of the 15 lbs., which was the original amount Applied 
from the lugh-pressure engine Looking at those facts, and at the very 
high cost of such plant, he did not think that such scheme could 1 m 
justified, unless there were ml vantage. which were not at present 
apparent. The engine described by Mr. Greiner was probably the 

Z^Zx, , 'T d ‘ fS, S ned h ? Mr. Scot. Rawlings, and was 
constructed with two diagonal cylinders, and so far from coming out 

of a steamship, it.was in fact expressly designed f or the place where 
it worked. Mr. Hutchinson s statement as to the Bone (.oiler was 
most interesting, and if they could obtain an efficiency of 95 percent 
that would certainly make a difference. Personal! v he was^ot on- 
pared to state what was the exact efficiency of a giLfirod boiler/but 
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he thought it was in the neighbourhood of 65 to 70 per cent. They 
could not got a closer efficiency tluin 80 per cent, with the l>est boilers 
fitted with economisers sis compared with 95 percent, with the Hone 
boiler. It was very interesting to learn that 95 per cent, efficiency 
had been obtained, and he hoped that they would hear more about it. 
Me wns very much obliged to them for the way they had received the 
paper. 
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THE INFLUENCE OF HEAT ON HARDENED 
TOOL STEELS 

WITH SPECIAL REFERENCE TO THE IJ EAT 
GENERATED IN* CUTTING OPERATIONS. 

Br EDWARD G. HERBERT. fl.Sc. Loxu. 

Before describing tho experiments which are to form the 
subjoct of this paper, it is necessary briefly to refer to certain 
previous investigations made by the author, which were fully 
described in a paper read before tho Iron and Steel Institute 
in May 1910. 1 Tho subject of these investigations was “ The 
Cutting Properties of Tool Steel,” and they were carried out 
with the aid of the tool steel testing machine. This machine 
has been described both in the paper referred to and in the 
technical press. Suffice it here to say that the machine 
measures the durability of specimens of tool steel, which are 
made into cutting tools of standard shape, and tested by being 
caused to cut away, by a turning action, a revolving steel 
tube of standard composition, hardness, and dimensions The 
standard traverse of the tool is 0-012 inch per revolution of 
the tube, and the width of the chip is ,V inch, this being the 
thickness of the tube wall. The durability of the tool is 
measured by the length of tube it will turn away before 
attaining a measured degree of bluntness. Tests are made at 
a succession of cutting speeds from 20 feet per minute up¬ 
wards, and the results are plotted out in tho form of a “ speed 
curve,” in which ordinates represent durability of the tool and 
abscissa? the corresponding cutting speeds. 

A set of speed curves is shown in Fig. 1 . These curves 
exhibit the changes in the durability of a carbon steel, made 
dead hard and tempered for fifteen minutes at various tem¬ 
peratures indicated on the diagrams. 

The general characteristics of these curves are:—A very 

* Journal vf tkt Inn and Strel Inititnte, 1910. No. I. p. 20& 
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low durability at the lower cutting speeds; an increase of 
durability as the cutting speed increased; a maximum dura¬ 
bility at cutting speods of 50 to 80 feet per minute; and a 
decline of durability to a very low value as the speed was 
further increased. 

Two of the curves, taken from tools tempered at 130° C. 
and 140° C. respectively, show two maxima with a depression 
between them. 

These general characteristics are common to the speed 
curves of all the tool steels that have been tested, whether of 
tho carbon, tungsten, or tungsten-vanadium varieties. All are 
capable of giving either single or double-peaked curves, accord¬ 
ing to tho heat treatment they have received, and all show 
a low durability at low cutting speeds, this characteristic being 
especially marked in the case of some high-speed steels, which 
latter often retain their durability at very high speeds. 

In the paper referred to, the theory was put forward that 
the observed changes in the durability of cutting tools are 
mainly caused by changes in the temperature of the cutting 
edge, due to varying quantities of heat generated at diflerent 
cutting speeds. 

The heat theory was confirmed by experiments showing 
that changes of durability corresponding to those which occur 
under varying cutting speeds, can bo produced by varying the 
temperature of the tool in other ways while the cutting speed 
remains constant, viz., by varying tho temperaturo of the 
water with which the tool is flooded; by varying the depth of 
cut (a heavy cut generating more heat than a light one), or 
by dispensing with the cooling water. It was shown also that 
the results of Mr. F. W. Taylor s classical experiments with 
cutting tools are in strict conformity with the “ cube law of 
cutting speeds ” deduced by the present writer from a theo¬ 
retical consideration of the heat generated in cutting. Ihe 
cube law is thus expressed: " For constant durability of the 
cutting tool the speed varies inversely as the cube root of the 
product of area of cut by thickness of shaving. 

So much by way of introduction. In tho present paper 
the heat theory of durability will be taken as experimentally 
established, and an attempt will be made to connect the 
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observed changes in the cutting durability of tool steels with 
changes in the physical properties of the steels as shown by 
breaking tests made at various temperatures. 

The various problems that are to be dealt with may be 
clearly stated as follows: — 

A. It has been found by experiments on the tool steel 
testing machine that all tool steels, without exception, have a 
very low durability, and are very quickly blunted whon cutting 
under water at low speeds and tine cuts, under conditions, that 
is to say, which preclude any considerable heating of the 
cutting edge; and it has been found that any alteration in the 
cutting conditions which tends to increase the temperature 
of the cutting edge, results in an increased durability of the 
tool. What, if any, are the correlative changes in the physical 
properties (strength, hardness, toughness, 4c.) of hardened 
steel which occur when it is raised from a low to a higher 
temperature } 

B. All varieties of tool steel have been found to be capable, 
when suitably hardened, of producing double-peaked speed- 
durability curves, the characteristics of such Bteels being that 
at a certain speed they are less durable than at higher and 
lower speeds. Is it possible to correlate this low durability 
at a certain speed with a particular physical condition at a 
certain temperature ? 

C. All tool steels arc found to lose their durability when the 
cutting speed is raised above a certain limit. I s there any 
corresponding change in their physical properties when they 
arc heated above a certain temperature ( 

I). Assuming that each cutting speed corresponds to a 
definite temperature of the cutting edge (the woight of cut 
ami all other conditions remaining constant), what are the 
actual temperatures of the cutting edge corresponding to the 
various cutting speeds, and corresponding to the various 
changes in the durability and physical properties of the steel 1 

Before dealmg with these problems, it is necessary briefly 
to consider the nature of the actions tending to wear or blunt 
a cutting tool, and the correlative physical properties con¬ 
stituting durability, which the tool must possess in order to 
withstand these actions. 
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The principal action to which a tool is subjected in cutting 
is one of friction under heavy pressure. This tends to rub 
the surface of tho steel away, by causing the particles of steel 
to slide over one another. To resist blunting by this action a 
tool must possess hardness. 

Hut the stress on the tool point is not constant: as tho chip 
is detnehed it breaks up into a series of short segments (more 
or less completely separated), and this process subjects tho tool 
to a succession of changes of pressure, amounting almost to 
blows, and tonding to chip off portions of tho cutting edge. 
To withstand this action the tool must possess toughness. 

If a tool of glass and another of copper be made, and usod 
to turn a cylinder of soft material such as lead in the lathe, 
it will lie found that both are very soon blunted, but from 
totally different causes. The glass tool, though extremely hard, 
is brittle, and is blunted by the chipping away of minute par¬ 
ticles of the cutting edge. Tho copper tool, though very tough, 
is soft, and is blunted by the rubbing away of tbo cutting 
edge. 

If now by some subtle alchemy it wore possible gradually 
to change the tool of glass into one of copper, it would prob¬ 
ably pass through some intermediate stages where it would 
retain some of the hardness of glass without all its brittleness, 
and would have attained to some of the toughness of copper 
without all its softness. The tool in this intermediate state 
would probably keep its sharp cutting edge much bettor than 
either the glass or the copper tool. A diagram showing the 
durability of such a tool in its successive stages would bo 
likely to take the form of some of the curves in Fig. 1, the 
durability rising to a maximum ns the tool lost its brittleness, 
and then falling to a low value as it lost its hardness. 

In order then to measure, throughout a range of tempera¬ 
tures, those physical properties of a steel which constitute its 
durability, it is necessary to test it at each temperature for 
hardness and for toughness. 

Tho usual method of testing toughness is that of the impact 
pendulum. Some preliminary experiments were made by this 
method, but it was found that whereas ono specimen might 
be shattered with an absorption of the energy of the pendulum 
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so slight as to be difficult of measurement, another specimen 
only slightly different in temper would 
al>sorl» the whole of the energy of a 
heavy pendulum without being bent or 
broken. It became evident that a shatter¬ 
ing blow bears so little resemblance to the 
stress to which a cutting tool is subjected 
as to afford very little useful information 
relative to durability. 

The method finally adopted was that 
of breaking the specimen, supported at 
the ends on knife edges, by a load applied 
transversely at the centre. The apparatus 
employed is illustrated in Fig. 2. The 
specimen A was in nil cases 3 inches long, 
| inch deep, and 1 inch wide. It was 
supported on knife edges BB, 2J inches 
apart. A third knife edge C was affixed to 
a plato F, and guided by pins DP sliding 
freely in holes in F. Tho whole was placed 
in a bath containing water, oil, or salt, 
according to the temperature under in¬ 
vestigation, the specimen being completely 
immersed in the liquid. The bath was 
rested on iron blocks GO, with gas-burners 
or blow-pipes between them, and tho whole 
was placed under the crosshead of the 
Olsen 100.000 pounds autographic testing 
machine. 

In operation tho bath was first heated, 
and the temperature ( measured by a mer¬ 
cury thermometer) allowed to become 
stationary. The specimen was placed on 
o knife edges, and tivo minutes were 
allowed for it to arrive at the temperature 
of the bath. The load was then applied, 
and the specimen broken or bent. Tho 
load and the deflection wore autographic- 
ally recorded by the testing machine. 


Fig. 1.—Temper and Dura- 
faflity. Carbon SiccL 
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Some of the resulting diagrams aro reproduced in Fig. 3. The 
height of each curve represents the maximum load applied to 



the specimen to break or bend it, and this maximum load is 
taken as a measure of toughness. Curve a is from a specimen 



Fin. 3.— Autographic Diagram of Breaking Tests. 

broken cold: being brittle, a small load sufficed to break it. 
Curve b is from a similar specimen broken at 238° C. It 
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was tougher, and broke at a higher load. Curve c is from a 
specimen tested at 278° C. In this case the specimen was 
very tough. It supported a heavy load, and bent without 
breaking. 

For the purpose of the investigation it was necessary to 
ascertain the hardness of the specimens at each temperature 
os well as their toughness. The somewhat elusivo quality of 
hardness may be defined as the power of resisting deformation 
under stress. It is commonly measured by pressing a hard 
steel ball into the surface of tho specimen with a definite 
force. The material which takes the smallest impression or, 
in other words, which shows the greatest resistance to defor¬ 
mation, is taken to bo the hardest. The ball test cannot be 
applied to very hard materials, but the diagrams in Fig. 3 give 
us a means of measuring resistance to deformation or hardness. 
Tho relation between the load and the resulting deflection is 
shown graphically by the slope of the curve. Specimen a was 
very hard: it gave only a small deflection for each increment of 
load, and the resulting diagram is nearly verticaL Specimen 
h was softer, and e very soft, and the slope of the diagram was 
greater as the hardness diminished. Numerically the hard¬ 
ness may be expressed os the load required to produce ^-inch 
deflection, and the hardness number is obtained by dividing 
the maximum load in pounds by the deflection in tenths of 
an inch. IT = 1( >L> . 

Experiments were first made on a crucible steel containing 
about 13 per cent, carbon. A bar J x J inch in section was 
cut into pieces 3 inches long, which were heated to 800° C. 
and quenched in water. Some of the specimens were left in 
tho dead-hard state, others were tempered by being placed for 
fifteen minutes in an oil bath at 136° C. Others" were tem¬ 
pered in like manner at 145° and 175° respectively Tho 
problem was to ascertain how the physical properties of steels 
thus treated would bo affected by the heat generated in cutting 
at various speed* It was certain that a very hi-h cutting 
speed would heat the cutting edge of the tool sufficiently to 
soften it and cause it to be blunted immediately but it was 
not known what would be the effect of the lower temperatures 
generated at lower cutting speeds. I n order to reproduce 
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these temperatures artificially, the specimens were heated in 
the apparatus illustrated in Fig. 2, and broken at various 
temperatures as described. • 

The results of the breaking tests arc plotted out in diagrams 
A. B, C, D, Fig. 4. The full lines in these diagrams represent 
maximum loads at which the specimens wore broken or bent 
(toughness), and the dotted lines represent the hardness, or 
maximum load divided by deflection. 

Referring first to the toughness curves (full lines), it will 
be seen that the diagrams have certain features in common. 
There is a decrease of toughness as the temperature rises from 
that of the atmosphere to 100°, and a more or less regular 
increase of toughness bet ween 100° and 250 or 2 < 5 . 

Referring now to the dotted curves representing hardness, 
we again see certain characteristics common to all the speci¬ 
mens. The hardness was relatively high at atmospheric tem¬ 
perature, it was very much less at 50° or 100 , it again 
attained a high value at temperatures varying from 150 to 
250°, and it fell very low at 275° to 300°, at which tempera¬ 
tures the specimens were ao soft as to bend without breaking. 
It will bo noticed that the hardness and toughness curves 
have widely different shapes, an increase of the one quality 
being very generally accompanied by a decrease of the other, 
though both decrease together between 20° and 100’. 

Wo have here, according to our theory, two of the elements 
for determining the variations of durability with temperature; 
but it is very difficult to say. from inspection of the curves, 
which tempernture might be expected to give the highest 
durability to the steel. The durability will be high when both 
the hardness and toughness are high. The durability will bo 
low when either the toughness or hardness, or both, are low. 
Now it is evident that if wo multiply the hardness number by 
the corresponding toughness number for each temperature, we 
shall obtain a new series of numbers fulfilling the conditions 
just stated—thev will be high when the hardness and tough¬ 
ness are both high ; they will be low when either hardness or 
toughness, or both, are low. Those numbers should therefore 
be in some degree proportional to the durability of the steel. 
We cannot say that they will be strictly proportional to dura- 


full UNES*TDuamss •b/kaning load Dorreo lines • haroncss •/ oau omoco by oenecr/on 


366 


HERBERT: INFLUENCE OF HEAT ON 




ftlT KB M NUTL 


FlG. 4 .— Curves representing Tough¬ 
ness (full lines) and Hardness 
(dotted lines) of Carbon Steel 
variously tempered. 


Fu> 6.—T cmpemuire-durability. 

Curves from Breaking Tests 
Carbon steel 


Fin. 8.—Speed-durability 
Curves, from Cutting 
Tests. Carbon Steel 
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bility unless we assume that hardness and toughness are 
the only qualities constituting durability, and that they are 
equally important factors in durability, but these are assump¬ 
tions we have no right to make. Either hardness or 
toughness may l>e the more important factor, according 
to the nature of the material the tool is required to out. 
It is an established fact that the steel which is best for 
cutting hard materials such as tyre steel is not necessarily 
the best for cutting soft materials such as mild steel or 
brass, and this may be because a harder tool is required 
for one class of material and a tougher for the other, ^or 
can we safely assume that hardness and toughness are the 
only factors in durability. Some steels (notably the tung¬ 
sten steels) possess a property of resisting abrasion which 
does not appear to depend directly on hardness or tough¬ 
ness, and can only bo measured by an abrasive test 
preferably an actual cutting tost. A breaking test may 
give no evidence of the presence or absence of this quality. 
The evidence to be obtained from the breaking tests must 
therefore be regarded as maiuly negative evidence. It is 
certain that a tool which is very soft or very brittle will 
not bo durable. It is almost certain that a given tool will 
gain in durability as it becomes harder and tougher ; but it by 
no means follows that the specimen of steol which carries the 
heaviest load with the least deflection will make tho most 
durable cutting tool. 

Recognising, then, that the product of hardness and tough¬ 
ness may bear only an approximately proportional relation 
to durability, let us examine the curves produced by plotting 
these products on a temperature basis. Ihe curves aro 
shown in Fig. 5. and the durability-speed curves obtained 
from specimens of tho same steel by actual cutting tests 
made on the tool steol testing machine are shown in tig. 6. 
Two sets of curves aro shown in this figure. The full 
lines represent the durability of tools cutting under water, 
and the dotted curves are taken from tho same tools cutting 
dry. 

It is at once apparent that there is a very striking simi¬ 
larity between the curves obtained by breaking (Fig. 5), and 
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those obtained by cutting (Fig. 6). In each case there is a 
very low durability at low speeds or temperatures, a rise to a 
high maximum as the speed or temperature increases, and 
a fall to a low value when the speed or temperature exceeds a 
certain value. It is especially noticeable that tho range of 
speeds and temperatures which gives tho steel a high dura¬ 
bility is a very narrow one. One important difference will 1 k> 
noticed. Tho breaking tests all 6how a high durability at 
atmospheric temperature and a rapid fall to 30° or 100°, but 
this feature is entirely absent from tho curves obtained by 
cutting. From this it might be surmised that at the lowest 
cutting speed, viz. 20 feet per minute, the edge of tho tool 
was at 50° to 100°, and that the tools would linve a higher 
durability when cutting at still lower speeds. Some experi¬ 
ments have been made with a view to confirming this infer¬ 
ence, but hitherto without success. Tests were made at 
speeds as low as 2 feet per minute, and the tool was flooded 
with a freezing mixture, but the wear was extremely rapid, 
and no increase of durability was found. There is no doubt a 
considerable amount of heat generated in cutting a tough 
steel, no matter how slow the speed, and it may be that tho 
cutting edge was considerably above atmospheric temperature 
even under the extreme conditions mentioned. This point, 
however, requires further investigation. 

Two of the tools used in the cutting tests, namely, those 
tempered at 136° and 145°. gave double-peaked curves. It 
had previously been found (see Fig. 1) that carbon steels 
tempered between 130° and 150° give ourves of this char¬ 
acter. and one purpose of the investigation was to find an 
explanation of this phenomenon. It cannot Ihj said that the 
explanation is complete, though each of the breaking tests, 
and especially B, shows n rudimentary first peak. The rela¬ 
tion between tho hardness and toughness curves is compli¬ 
cated. their maxima and minima generally failing to coincide, 
and it is not surprising that the resultant curve of durability 
should assume a complicated form. It has already been 
pointed out that tho actual shape of the durability curve will 
depend on tho relative importance of the hardness and tough¬ 
ness factors, and that this will depend on tho cutting comli- 
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lions. It bus been found by experiment that the shape of 
the curve is by no means constant when the cutting condi¬ 
tions are altered. Thus Fig. 7 showB durability-speed curves 
obtained from the same tool ground with 0,5, and 10 
rake. The height of the first peak diminishes as the rake of the 
tool is increased. Again, it is seen in Fig. 6 that tools which 
give a double peak when cutting under water usually give 
only a single peak when cutting dry. In this connection it 
may be pointed out that the cutting temperature is much 
more dofinite when the tool is cutting under a copious stream 
of water than when cutting dry. In the former case the 
extreme edge of the tool, embedded in the metal, is heated to 
a temperature depending on the speed and remaining constant 
throughout the test. When no cooling medium is employed, 
the tool, the tube, and the adjacent parts of the machine 
become gradually hotter as tho test proceeds, the temperature 
becoming constant only (if at all) when the generation of boat 
is balanced by radiation. This may account for the fact that 
dry cutting tests seldom, if ever, give double-peaked speed 
curves. 

Breaking tests were mode with high-speed steels of two 
well-known brands. The specimens, 3 x J X J inch, were 
hardened by being preheated for 2$ minutes at 850 , thon 
heated for 50 seconds at 1275°. and quenched in salt bath at 
672° for 30 seconds. The hardening of all the carbon and 
high-speed steel specimens used in thoso experiments was 
kindly undertaken by Mr. S. N. Brayshaw. Ihe breaking 
tests were carried out in the manner described above, and 
the resulting hardness and toughness curves are shown in 
Fig. 8. Tho hardness curves (dotted) are somewhat compli¬ 
cated. but the curves of the two steels closely correspond with 
each other, and bear some resemblance to the hardness curve 
A (Fig. 4), taken from the dead-hard carbon steel. There is a 
marked fall in hardness from atmospheric temperature to 50 
and 100°, followed by a rise to 130°, a fall to 280 , with a 
smaller rise and fall at higher temperatures. The two tough¬ 
ness curves (full lines) also correspond in general form, 
though there is a groat difference in the temperatures at which 
the first minima occur (100° and 220° respectively). 

1912.—i. 2 a 
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Multiplying together the hardness and toughness numbers 
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Fig. 7- Speed-durability Cum* from the 1Bme Tool, diffcra , lly 
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Fig. 9. The durability-speed curves obtained from two of 
the specimens by cutting tests on the tool steel testing machine 
are given in Fig. 10. the dottod curves being obtained by 
cutting dry. and the full curves with water. 

The durability-temperature curves (Fig. 9) resemble those 
of tho carbon steels (Fig. 5) in showing a marked fall in dura¬ 
bility from atmospheric temperature to 50 , this feature being 
entirely alisent in the curves obtained by cutting (Fig. 10). 
Both the temperature-durability curves, E and 1 (Fig. ( J), 
show marked double peaks, and it will be noticed that in the 
case of steel E the first peak occurs between temperatures 
100° and 2G0°, thus corresponding roughly with the main 
peaks of the carbon steels (Fig. 5). lho second peak in steel 
E occurs between 260° and 400°, at which temperature the 
carbon steel would be soft. 

Turning now to the cutting tests, we sec in curve E (Fig. 
10) two peaks, the first occurring between 20 and 120 feet 
per minute, thus corresponding with the carbon steel curves 
in Fig. 6, while the second peak in E (Fig. 10) occurs at 140 
feet per minute, at which spoed the carbon steels were in¬ 
capable of cutting. There is thus a close correspondence 
between the durability curves obtained by breaking and by 
cutting tests. It is true there is a great disparity as regards 
tho relative heights of the two peaks, but this was to l>e 
expected. Even though the steel were equally hard and 
tough when cutting at 70 and at 140 feet por minute (as 
would appear from Fig. 9), the higher speed would naturally 
blunt the tool more rapidly. 

The curves of steel F are somewhat anomalous. Tho 
breaking tests show two distinct peaks with a low minimum 
at 220°, tho second peak being a very large one. whereas the 
cutting tests (Fig. 10) show only a single peak extending 
from 20 to 150 feet per minute. 

The dotted curves obtained by cutting dry (Figs. 6 and 
10) are in all cases to the left of the corresponding ‘wet” 
curves, and it is especially to be noted that all the tools 
when cutting at very low speeds wore more durable when 
water was not used—t.r. when they were allowed to become 
heated. 
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This effect of temperature on durability is clearly shown 
in Fig. 11, which represents the speed-durability curves of a 
high-speed steel tool cutting (1) dry, (2) with lard oil, (3) with 
water. At the low speeds, 20 and 30 feet per minute, the 
tool was most durable when cut ting dry, and least durable 
with water. At the highest speeds the position is reversed, 
while at intermediate speeds tho lard oil gave tho highest 
durability. Tho oil appears to exerciso a double function. 
It acts as a cooling medium, and enables the tool to work 
at much higher speeds than are practicable when cutting 
dry; but, as a cooling medium, it is inferior to water, and 
therefore less conducive to durability at very high speeds, 
It has, however, a lubricating effect which is not possessed by 
water, and is highly conducive to durability at speeds which 
do not generate an excessive amount of heat. 1 he oil gives 
the highest durability, but not at the highest speed. 

The curves in Fig. 12 illustrate the extreme importance of 
the time factor in the hardening of high-speed steeL The 
dotted curve represents the durability of a high-speed tool 
which was preheated for 4 minutes at 850°, heated for 1 
minute at 1275°, and quenched in salt at 675° C. The full 
curve shows the durability of the same steel preheated for 
2J minutes and heated for 50 seconds at tho same tempe¬ 
ratures. Evidently the first tool had been injured by too 
prolonged heating. 

Let us now see how far the results of the experiments 
enable us to answer the questions with which we set out. 

A. The low durability of all tool steels, cutting under 
water at low speods and light cuts, seems to be completely 
explained by the low values of hardness and toughness which 
always occur at cutting temperatures of 50° to 100 . The 
breaking tests havo shown in every case that tho product, 
hardness x toughness, increases in value as the temperature is 
raised above 100°. The cutting tests have shown in every 
case that the durability increases when tho cutting speed is 
raisod above 20 feet per minute. These cutting tests havo 
also shown that the durability always increases when a tool 
working at 20 feet per minute is allowed to cut dry instead 
of with water, or with hot water instead of cold. It is im- 
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possible to doubt that these are different manifestations of 
the same physical change in the steel. 

A clear recognition of this phenomenon is of great practical 
importance. A great deal of the metal cutting in every 
engineer's shop consists in taking fine finishing cuts, often 
with water on tho tooL If such cuts are taken ut a slow 
speed, the temperature of tho cutting edge may not rise above 
100°, in which case tho tool will bo quickly blunted. Its 
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Fig. 1L —Spccd-ilurahitity Curves of a 
High-spcrd Steel cutting with anil 
without Lubricants. 


Fig. 13.—Sjfcrd-durability Curves of the 
same High-speed Steel differently 
hardened. 


durability can bo increased by increasing tho speed or by 
cutting dry. Many cases are known to have occurred in 
ordinary workshop practice, where an increase in cutting 
speed has actually resulted in increased durability of tho 
tool. 

Low durability at low-cutting temperatures (on, for example, 
finishing cuts) is a familiar characteristic of high-speed steels, 
and is most marked in tools which have been suitably burdened 
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for very high temperature work. 1 High-speed steel can be so 
hardened as to retain its durability at fairly low temperatures, 
and there arc now on the market tungsten steels specially 
adapted for low-temperature work, such as iinlshing very heavy 
forgings; but every description of steel known to the writer 
loses its durability if the cutting temperature is low enough. 
It should be noted that a low cutting temperature can only 
occur when there is a combination of low speed with light 
cut. A heavy or moderate cut raises the temperature of the 
cutting edge above 100°, even at very slow speeds. 

Ii. The phenomenon of the double-peaked curve is not 
completely elucidated, though the evidence goes some 
to explain it. The variations of hardness and toughness with 
temperature are of a complicated character, and the clefL 
between the two peaks of a durability curve appears to bfl 
caused by the conjunction of depressions in the hardness and 
toughness curves at a particular temperature. The relative 
heights of the two peaks are found to vary with the conditions 
of cutting, and this variation may be duo to a change in the 
relative importance of the hardness and toughness factors, 
according to the quality of the material cut, or the shape of 
the tool. 

C. Tho decline in durability which takes place when a 
certain limiting speed is exceoded, is evidently caused by an 
actual softening of the cutting edge by the heat generated in 
cutting. This softening, which is extremely local, takes 
place even when the tool and the work are practically im¬ 
mersed in running water. The speeds and temperatures at. 
which tho softening occurs depend hugely on tho particular 
hardening process which has been applied to the tool, and are 
generally highest in high-speed steel. 

I). It is not yet possiblo to establish an exact scale of 
cutting temperatures corresponding to the scalo of cutting 
speeds, but a comparison of the temperature-durability curves 
obtained by breaking tests (Figs. 5 mid 9), with tho speed- 
durability curves obtained by cutting tests (Figs. C and 10 ), 
enables us to make an approximation, as in lfig. 13. 

> There is reason to beliere Itul the condition of low durability in well Heels may 
recur *1 tempcTatuie* much higher than 100* i«ee F. Fig. 
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To establish a correspondence between the speeds of cutting 
with and without water, a comparison may bo made between 
tho full and dotted curves in Figs. 6 and 10, from which it 
appears that the effect of using water is approximately to 
doublo the cutting speed ; in other words, the edge of a tool 
flooded with water attains ultout the same temperature as the 
edge of a tool cutting dry at half the speed. This must not 
be taken as a general statement applicable to all cutting 
operations. Ihe dry cutting temperature depends largely 
on the volume of metal operated upon. The tulie lined in 
the tool steel testing machine is small in diameter and light 
in section; it becomes considerably heated under n dry cut. 
In machining a largo forging, the body of metal absorbs a 
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great deal of heat, with only a slight rise in temperature, and 
the use of water has less oflect on the cutting speed. 

Considerable interest attaches to a comparison of the dura¬ 
bilities of carbon and high-speed steels. It appears from 
Figs. 6 and 10 that the high-speed steel has two distinct 
features of superiority. The speeds at which it attains its 
maximum durability are not very different from those at which 
carbon steel is most durable, but the high-speed steel is 
several times as durable at these speeds. Quite distinct from 
its superior durability at moderate cutting temperatures is 
the property possessed by high-speed steel of retaining some 
durability at temperatures high enough to soften carbon 
steel, but its actual durability under such conditions Is much 
less than under conditions which do not undulv heat it. In 
other words, its abrasive quality appears to be more important 
than its heat-resisting quality. 
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A comparison of the curves in Figs. 5, 6, 9, uml 10 lends 
force to the warning already givon. that no absolute measure 
of durability can be obtained by a breaking test. 1 he highest 
durability calculated from breaking tests was that of tool D, 
but the actual durability of this carbon steel, measured by 
cutting, was not particularly high, and was much less than 
that of high-speed steel E, which broke under lower loads. 


378 DISCUSSION AND CORRESPONDENCE ON UERHERt'S PAPER. 


DISCUSSION. 

Mr. L. AncnncTT (Derby) said he would like to ask Mr. Herbert if 
he had made any experiment* with Aquadag defioculated graphite, 
which was invented by Dr. Acherson. Ho understood that when used 
with water it immensely increased the cutting pow or of tools. 

Mr. Herbert, in reply, said he had had no experience of the 
lubricant described by Sir. Archhutt, His experiments had shown 
that water was under some conditions superior to oil, for use with 
cutting tools, on account of its greater cooling power, but that in 
lubricating the tool and reducing friction it wua inadequate. He 
could imagine that the addition of graphite to the water might render 
it more efficient os a lubricant without impairing its properties as a 
cooling medium, in which case, the curve he had exhibited would 
retain its position, but would show a higher durability. Ho could 
not, however, say definitely that that woidd be so without having 
made experiments. 


CORRESPONDENCE. 

Mr. S. N. BrAYSHAW (Manchester) wrote saying he could confirm 
from hU own experience the “ peak" which Mr. Herbert hail di.- 
covered In speed-durability curves, and in some cuses he had suspected 
a double “ p.-ak.” Must turners would probably say, if the question 
were definitely put to them, that the wear of the tool was proportionate 
to the cutting speed, but lie suspected that in actual practice they knew 
that they would get bad results if they run too slow. He remembered 
an occasion wheu he was an apprentice and was told to run on a faster 
speed because the tool was working badly. The following might serve 
as an actual example of what occurred in his own works. A large 
quantity of tool steel bars f-inch diameter were being tumid up, and 
for some time the machines run at 195 revolutions per minute, which 
gave a cutting speed of 38 feet per minute on the largest diameter. 
The tools dulled very quickly, and hud to be resharpened on an average 
once every forty-five minutes. The spend wag then increased to 330 
revolutions per minute, giving a cutting speed of «5 feet per minute, 
other conditions remaining the same. The consequence was that the 
life of the tools wua Increased to about three hours, which meant on 
increase of nearly sevenfold in the actual work done by the tool for 
every sharpening. 

That was not an isolated emu-, and it was a striking confirmation of 
Mr. Herbert's results; or to put it another way, Mr. Herbert had 
investigated the mutter, and had explained gome very curious facts 
of which very little knowledge existed, and his researches would un¬ 
doubtedly be of great assistance in workshop practice. 



ROGERS: note on the investigation ok fractures. 379 


NOTE ON T11E INVESTIGATION OF 
FRACTURES. 

HV F. ROGERS, D.Enu, (SHEFFIELD}. 

It is rarely possible to investigate systematically the cause of 
an unexpected fracture by known methods without rather 
long and laborious research. The consequence is. that more 
or less pardonably, this Is made the excuse, in the majority 
of cases of tests to destruction, for not investigating at all. 
Since a large class of failures, including principally all faults 
which may broadly bo classed as some form of segregation, 
and usually excluding heat treatment, is due to more or less 
localised fault, it is highly desirable that tho fracture itself 
should be studied if possible. The general npjiearance and 
so-called “ grain ” of the fracture, and possibly any non- 
inetallic inclusion, if not too minute, can easily be noted, but 
it is notorious that every attempt, to obtain information about 
structure by applying the microscope directly to the fractured 
surface has failed. 

A few methods have been suggested for obtaining a cross- 
section through the fracture, and examining this by means of 
the microscope. In Rosenhain's method, 1 copper is heavily 
deposited upon the fracture during about eight days. I have 
obtained good results without this delay by gently pressing 
a number of leaves of Dutch metal (imitation gold leaf) into 
contact with tho fracture, and binding by moans of a small 
steel clnmp. Doubtless quite perfect results could bo obtained 
by a combination of tho two methods—that is, after depositing 
copper for a short time, perhaps three or four hours, in order 
to form a more perfect mechanical protection for tho iraclure, 
leaves of Dutch metal could be clamped against the copper. 

Another useful method is to cast a fusible alloy, melting 
at about 100° C., against the fracture. This also generally 
requires the uso of the clamp. 

* Jaum.il of the Iron unJ Steel Institute, 1!KN«, No. II. p. 1WJ. 
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The drawback to such methods is that they are very 
laltorious, giving little more than a mathematical line upon 
the actual fracture for each section taken, and there is always 
the possibility that the ultimate cause of weakness may not 
lie in one of the sections taken. Consequently, it occurred to 
me that, if even a comparatively rough chemical examination 
of the fractured surface could be made, as for example by a 
method of contact printing, it might be quite as valuable on 
tho whole as the more elaborate microscopic methods; and 
whilst giving sufficient indication for many practical purposes 
as to the cause of failure, it might also in other cases be 
useful as a preliminary to the examination by the elaborate 
mothods, thus indefinitely minimising labour spent upon 
trying to find the position of the fault which had caused tho 
trouble. 

After experiments in several directions, I have adopted a 
method which is virtually a mollification of tho well-known 
method of obtaining a “ sulphur print" from a cut surface. 
A piece of a specially prepared tissue, which consists of a 
gelatine emulsion of silver bromide, coated upon a very stiff 
grease clay, is soaked in a dilute acid solution containing also 
a toughening agent, and immediately pressed into contact 
with tho clean fracture for a few seconds and withdrawn. 
The entire process occupies no more than a minute Precise 
details are given in the Appendix. 

In order to find whether it would l>e possible to interpret 
with certainty the meaning of such a print, it was desirable to 
determine what relation exists between a print from a fracture, 
and a print obtained by the ordinary method from a neigh¬ 
bouring cut section, and also to establish what nature of con¬ 
trast was to bo expected between an actually segregated region 
and an unsegregated region in the same fracture. On "this 
account some prints are shown (see Figs. 1 to 8, Plate XXXVII.) 
for mutual comparison, which have been made upon cut sec¬ 
tions and fractures by the special tissue, and upon cut sections 
and fractures by means of a standard make of bromide paper, 
which is frequently used in sulphur printing. Bromide paper 
was in fact one of the first means tried for printing from a 
fracture, and it was found necessary to press or hammer it 
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into contact with the aid of the same stiff' clay subsequently 
usod for making the tissue. The effect of different durations 
of contact of the print with the metal is also shown. The 
reproductions are accompanied by an explanatory legend. 

The first and most striking fact that was established was 
that the printing of a fracture proceeds at an astonishingly 
greater speed than the printing of a neighbouring cut surface. 
This is shown by a comparison of Fig. 4 (fracture) with Fig. 3 
(cut). In these tho depth of printing has been restricted by 
using very dilute acid and brief duration of contact. A 
print from a fracture made with the same concentration 
acid and duration of contact as either Nos. 1, 2, or 5, which 
approximate to 'tho ordinary method of sulphur printing 
from cut surfaces, would show only an unrecognisable black 
smudge. If one may, for arguments sake, assume——what 
is not necessarily strictly accurate—that the proportion of 
sulphur indicated is inversely proportional to the duration 
of contact and concentration of acid necessary to give a print 
of a definite depth of colour, then it appears that the per¬ 
centage of sulphur indicated by a print from a fracture is of 
the order of one hundred times as great as that indicated 
by a print from a neighbouring cut section. This cannot 
mean anything else, I think, than that the fracture has picked 
its way through the minute sulphide specks with correspond¬ 
ingly great preference. This would not bo surprising if we 
were dealing with an alloy containing say 0’4 per cent, of 
sulphur, in which the manganese sulphide would be expected 
to form a network. In steels containing less than 0’04 per 
cent, of sulphur, we aro well aware that the sulphide rarely 
exists as a partial network, but almost solely as minute 
isolated, cigar or lens-shaped particles, lying in the direction 
of the length of the forging or of rolling. 

It is interesting in this connection to recall that at a meet¬ 
ing of the Sheffield Society of Metallurgists and Engineers 
in January last. Dr. Stead showed a photomicrograph of a 
sulphide area in a piece of steel which, after polishing, had 
been bent in a plane at right angles to tho surface photo¬ 
graphed. An incipient crock was seen to havo travelled 
through the little area of manganese sulphide, and to be 
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making its way Into the metal at each of its ends. I hope 
that it will be convenient for Dr. Stead to contribute this 
photograph to the discussion. 1 

It may conceivably be argued that the relatively rough 
preparation of the cut samples for printing has, by causing 
a certain amount of “ How" of the surface of the metal to 
cover and so protect the sulphide, been in part responsible 
for the great difference between cut surfaces and fractures 
respectively. This is not so, however, for a piece of steel 
gives much the same depth of colour, whether printed as 
roughly cut off, or after smooth filing, or after polishing on 
emery papers, or after polishing as for careful microscopic ex¬ 
amination. Further, much protection is hardly to be expected, 
as the acid would probably soon dissolve away any possible 
thin film of metal; and in any event, unless a sulphide speck 
were thoroughly covered, it would not be effectually pro¬ 
tected from the action of the acid. The great difference 
between a print from a fracture and a print from a neigh¬ 
bouring cut surface seems to be independent of the mode 
of fracture; it is found to be of the same kind, whether the 
fracture was caused by tensile stress, slow bending, re¬ 
lated severe landing, or shock. It is also of the same 
sort in stoeLs ranging from dead mild up to 1*3 per cent, 
carbon tool steeL 

It seems to me that the extraordinary degree of selection 
of a path through the specks of manganese sulphide as the 
line of least resistance to fracture strongly confirms the 
desirability of keeping sulphur low, if any confirmation be 
needed. No known method of treatment will bring the 
sulphur into a less harmful form than the usual little longi¬ 
tudinally arranged rods or lenses of manganese sulphide. Hence 
the inherent unsoundnesa of tho remark one sometimes hears, 
to the effect that ' 0-05 per oent. of sulphur would be equally 
safe" in steels which now usually contain under say 0*035 
per cent., apart from tho absence of any margin of safety for 
local variations from the analysis taken in the usual position. 

It is quite probable that tho path of least resistance also 

i [A photomicrograph which illustrates this point is giro, j n Q r stead s paper lanlt 
Fig. U, p. 113).—El*-] ' ’ 
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follows, in a similar mannor, the minute high phosphorus 
regions, so far as is compatible with the difference in the 
forms in which phosphorus and sulphur are known to occur 
in steel. Perhaps a printing method could l>e devised to 
establish this, hut it was considered that a sulphur method 
would bo quite sufficient for most practical applications, and 
on the whole preferable to a phosphorus method as an index 
of segregation. 

The present expression of opinion, that the selection of the 
path of fracture is largely biassed to the actual sulphur and 
phosphorus lasaring areas, is by no means inconsistent with 
the view 1 that fracture in low to medium carbon steels, 
under repeated alternations of stress, tends to prefer a path 
through ferrite, which has been confirmed by othors for 
different kinds of stress. Not only has pure, well crystallised 
ferrite a peculiar weakness of its own under dynamic stress, 
but in steels which contain ferrite, the tendency for the 
sulphur and phosphorus to bo associated geographically with 
the ferrite is well understood. 

There seems to be no doubt that the method of printing 
from a fracture here described, although, as may be expected, 
rather a rough-and-ready than a pretty test, can, with a little 
care and practice in its use, be relied upon to indicate a 
segregated area in a fracture. There are slight variations 
in the depth of colour in the print, due to the differences in 
contact pressure over the various irregularities of the surface. 
One soon learns how to allow for these by observing the 
sha}>e of the surface, which is also shown in its impression in 
the tissue. 

Some examples of prints from fractures arc given in Figs. 9 
to 12, Plates XXXVII. to XXXIX.. and the position of the 
segregation, if any, is indicated. It should be homo in mind 
that part of the variation of depth of colour in the reproduc¬ 
tions at places where no segregation is indicated, is duo to the 
light and shade effect, caused by the fact that the print is also 
an impression of the fraeturo. 

Fig. 9, Plato XXXVIII.. shows a print on the special tissuo 
taken from a part of the fracture of a high-class steel tire. The 

* Journal of tho /rvn and Steal Institute. 1906, No. I. p. 491. 
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position of the boro is shown, and it is seen that a satisfactory 
print has been obtained along the full length of the bore, and 
extending about an inch and a half inwards from the bore. 
This is more than is ordinarily likely to be necessary for this 
class of tire. This fracture, which was deliberately made for 
the purposo of printing, shows no signs of segregation. 

Fig. 10, Plate XXXVII., is a print made upon ordinary- 
bromide paper, which was toughened by soaking in formalin 
before use, taken from tho fracture of a portion of the core of 
a tiro bloom of the same class as the tiro from which Fig. 9, 
Plate XXXVIII., was obtained. In this print the lines of 
segregation are clearly visible, and the fact that these lines 
really do represent segregation, is amply confirmed by the 
print given in Fig. 11, Plato XXXVII., which was made in 
quite tho ordinary maimer of sulphur printing, from a parallel 
section, only a small fraction of an inch away from the frac¬ 
ture printed in Fig. 10. 

Fig. 12, Plate XXXIX., represents a print upon the special 
tissue taken from a roil in a position os near as was convenient 
to the topmost portion of the ingot used. In spite of this, no 
marked segregation is shown. The print is merely a trifle 
darker generally, towards the web of the rail. In this case, 
the head, web, and base wore printed on three separate 
portions of tissue, and subsequently pieced together. The 
lighter areas in the base were caused by allowing some splashes 
of the acid solution to fall on this portion whilst printing 
from the web. 

In conclusion, it is hoped that tho rough-and-ready method 
of printing from a fracture here brought forward, will be found 
useful whenever unexpected results are obtained in tests to 
destruction, such as in falling weight tests of rails, tires, or 
axles, in tensile tests of all kinds of material, and bending tosts 
of plates. It is probably the simplest and quickest method of 
investigating u fracture at present available, and should show 
instantly whether breakage has been assisted by segregation 
or not. 

With obviously necessary precautions, there is no reason 
why the method might not be applied to a fracture which 
has occurred in service. 


Plate XXXVI! 
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FlC. 10.—Print on bromide paper Fie. 11. Same as Fig. 10. but 
from a Fracture of part of the a neighbouring cut section. 
Cure of a Tire Bloom. 






Plate XXXVIII 



Fin. 9.—Prim from pari of Fracture of a .Strel l ire The position of the bore is initialled. 









Plate XXXIX 



Fig. 12. —Print from Fracture o( a Steel Rail 
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APPENDIX. 

• Details of Preparation and Use of the Tissue. 

It is hoped that it will soon be possible to purchase the 
tissue prepared ready for use. In the meantime, the following 
details will enable any one to prepare a supply which can be 
stocked for use as required— 

Clay .—Melt together 1 lb. of vaseline and one ordinary- 
wax candle. The minimum possible quantity of the mixturo 
that will give a stiff cohering clay is incorporated with finely 
ground and dried whiting. This is rolled into sheets about 
tV inch thick. Plasticcne is too soft for the purpose, and its 
colour is against it, but it will answer if stiffened by the addi¬ 
tion of whiting. 

Silver Bromide Emulsion .—Digest the following together at 
about 43° C.— 


Water ...... 150 cubic centimetre*. 

Gelatine ...... 15 gramme*. 


10 per cent hydrochloric acid . . 3 cubic centimetre*. 

Potassium bromide . . . . 8*4 grammes. 

Then add the following solution, also heated to 43° C.— 

' *'«» 

Water.00 cubic centimetres. 

J Silver nitrate ..... 10 grammes. 

The whole is digested at about 43° G. for about a quarter of 
an hour. Chill rapidly to set, cut up, wash in a jelly-bag for 
two hours, remelt, add a further 15 grammes of gelatine, and 
tho emulsion is ready to be coated upon its support It can 
be stored by allowing it to set, and putting a littlo carbolic 
acid in alcohol upon the surface. 

Coating. —Warm a sheet of the clay, sprinkle finely powdered 
calcium sulphate upon it, rub lightly until greuaiuess is 
removed, dust oft* the excess of calcium sulphate. Inirne- 
■r diately pour a little of the molted emulsion on, and spread 
with a glass rod. and by tilting the sheet about. Leave in a 
horizontal position to dry. 

To take a Print from a Fracture .—Soak the tissue for 
twenty to thirty seconds in— 

1912.—i. 2 b 
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Water.100 cubic centimetres. 

Sulphuric acid , . . . 1 cubic centimetre. 

Alum ....... 6 grammes. 

See that the surface of tho gelatine is well wetted by the 
solution, which is assisted by gently stroking with the finger, 
then instantly apply and press into contact by meAns of the 
fingers. Withdraw the print in about twelve seconds, or 
rather longer in the case of exceptionally pure steels. 
Chietly on account of the difficulty of keeping the whole of 
the tissue satisfactorily wetted, it is on the whole best, in the 
case of large and very irregular fractures, to print the surface 
in several overlapping portions. It is quite easy to print a 
very irregular fracture in pieces about 3 by 2 inches, whilst 
with a fairly regular surface. 6 by 3 inches gives no trouble. 

Firing .—1 bis can be done as usual for a print, in hypo., 
but, owing to the risk of stripping the gelatine from the clay, 
is best omitted. It is sufficient to rinse the print gently, and 
allow to dry at once. 

Much depends on keeping both the solution and tho steel 
cool; the temperatures should not exceed about 20° C. A 
little practice is necessary in order to know how much 
pressure to use. It is worth remembering that there are 
usually two fractured surfaces to each fracture. 


iMtcription of Figt. 1 to 8 (Plat,' /.). 
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DISCUSSION. 

Dr. W. Rosen rain (Teddington) congratulated Dr. Rogers on the 
ingenious method which he lmd devised for taking sulphur prints from 
fractures. He was much interested in the study of fractures, and 
appreciated any new method introduced ; hut the present method had 
the limitation, common to nil sulphur prints, that no magnification 
could be obtained. Thus, although the process gave a general idea of 
the distribution of the sulphur, a detailed knowledge could not be 
obtained; yet in many cases on exact detailed impression was of very 
great importance. On examining Dr. Rogers' prints it was difficult 
to say whether they represented a very large number of minute 
sulphide globules which might bo more or less harmless or a smaller 
number of large ones which would Ire very injurious. Another diffi¬ 
culty with regard to Dr. Rogers’ prints was that they wore not flat, 
and when they came to bo reproduced for purposes of permanent 
record that became a serious matter, because in the photographs it 
was impossible to say what was light and shade effect duo to the 
“relief" of the prints and what was darkening due to sulphur. 
Prolmhly Dr. Rogers would render his process still more useful if he 
could devise some means of projecting the prints on flat surfaces. 
Could not that be done by covering the front of the print with a layer 
of thick transparent celluloid and afterwards removing the opaque 
clay backing and looking through the print by light transmitted 
through the celluloid f 

Then Dr. Rogers confined himself to prints of the sulphides of iron 
and manganese. It might, however, be possible to adopt the method 
of Heyn, who originated those contact prints. Heyn nsed mercuric 
chloride as a sensitive substance, and thus obtained prints of the 
phosphide distribution, lie (Dr. Rosenhain) was particularly inter¬ 
ested in Dr. Rogers’ view as to the large proportion of sulphides to be 
found tin fractured surfaces; any additional evidence ns to the part 
played by sulphide enclosures would be most valuable. 

0 


COR RESPl tNDENCE. 

Mr. C. H. Ridspalk (Linthorpe) wrote that so far as a sulphur 
print of a fracture could be of any use. Dr. Rogers apja?ared to have 
devised a very good way to obtain one. He (Mr. Ridsdale) had from 
time to time tried to get one by pressing damp bromide paiter with 
thick filter paper backing (much as a stereotype was taken) on the 
fracture, hut Dr. Rogers’ method appeared to be decidedly ltetter. It 
was questionable, however, whether a print of the cross-section of a 
fracture was a guideto the cause of it; such an instance was very rare 
in his (Mr. Rhlsdale’s) experience. As a rule, unless very old or badly 
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damaged, it could lie seen from the fracture itself at what point it bnd 
started, anil a local flaw, mark of a blow, or other indication could be 
carefully looked for there. Almost invariably, however, if fouud, it 
was on the side view, not the front. Most readers of the paper would, 
he thought, carry away the impression that a considerable proportion 
of fractures were due to segregation, particularly of sulphur; nnd 
further, that even 0 05 per cent, was a dangerous amount. Dr. Rogers 
might not hnve intended that, but he (Mr. Kid-dale) considered that 
such an impression would be very misleading, especially to laymen or 
those who had not much experience, nnd, therefore, it ought to be 
corrected. Hoth sulphur and segregation as causes of brittleness were 
very much overrated “ bogies,” and although he held no brief for 
either, there was Buch abundant evidence of the fact that they could 
not afford to iguure it. In fact, such opinions had their stronghold in 
academic rather than practical circles. 

Ho wished, therefore, to warn investigators to keep a perfectly open 
mind, and not to start with the preconceived feeling that if they could 
find from a sulphur print a little segregation that would be the cause 
of fracture. That note of caution, however, did not in any wav detract 
from the credit due to the author for his very ingenious wav of sur¬ 
mounting the difficulties of getting a print from a fracture when it 
was necessary. 

Dr. J. L. Stead, F.R.S., \ ice-President, wrote that he had read Mr. 
Ungers’ paper with great interest. There could lie no doubt whatever 
that some such method as that proposed by tbe author would be useful 
when it was not practicable to get polished sections to work on. Ho 
himself had used silver bromide paper made into a pulp, which ufter 
being moistened with sulphuric acid was pressed upon fractured sur¬ 
faces, and in that way he had obtained useful impressions, but not 
nearly so good as those obtained from smooth surfaces and acidulated 
bromido paper. As the author ha-1 provided him with some of his 
specially prepar.-d diverged medium lie had tried it in his laboratory ; 
it gave the results which the author claimed. By its use it was ve’ry 
easy to find whether there was axial or local segregation of sulphur on 
the fractured surfaces of rails, billets, and bars 

Referring to tbe effect of threads or seams of sulphide of manganese 
in tubes, there could be no doubt that they were a disadvantage, and 
tended to reduce the bursting sbvngth of the tube*. For thnt reasou 
all tubes which had to bear grent internal pressure should be us low 
as po-stblw in sulphide of manganese. Long, continuous, and thick 
threads or seams of manganese sulphide on the outside portion of 
tubes were exactly equivalent to threads of slug or even to rokes, and 
if present when the steel was under tension, the seams would be linble to 
open out at the points where t hey existed, and lend to compl-te fracture. 
The photograph referred to by Mr. Rogers in a lecture he (Dr. Stead) 
had given in Sheffield had been reproduced on the last pug., of the wiper 
on “ The Welding-up of Blowholes and Cavities in 8tee! Ingots,” and 
showed, just as Mr. Rogers had pointed out, that fracture starting at 
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a sulphide flaw might extend beyond it; but in tliat particular speci¬ 
men the sulphide of mnngauese thread was embedded in material rich 
in phosphorus, a circumstance which was favourable for the extension 
of the fracture. In his opinion, sulphur segregation in the centre of 
rails, plates, and axles, if not coincident with unwelded “ pipes,” or 
unsoundness, should not be regarded as harmful. The appearance of 
fractures might indicate whether such unsoundness exists. Axial 
segregation was often associated with unsoundness, and he believed 
that failures in segregated rails were the result of unsoundness rather 
than of segregation. 

Dr. Rooeds wrote in reply to Dr. Roseuhain’s remarks, that he 
did not think that in practice any high sulphur areas which were not 
apparent without enlargement upon the properly made print would 
bo very material. The more elaborate methods wore always available, 
and in fact necessary, if a fault had to l>e further studied. He w;is, 
however, making experiments in some favourable cases in stripping 
the film from its support so that it could be transferred to a paper 
support or a lantern slide. As a transparency they must remember 
that the contrast would be distinctly poorer than as a print viewed 
by reflected light. From Mr. Ridsdale’s and Dr. Ktead a remarks it 
was evident that other investigators hud felt the need of a convenient 
means of testing a fractured surface for sulphur, and he (Dr. Rogers) 
knew that others had realised the same necessity. He could by no 
means endorse Mr. Ridsdale’s view that sulphur and segregation as 
causes of brittleness were overrated, as ho had known disasters to 
occur through culpable ignoring of the importance of these imper¬ 
fections. Certain kinds of products were from their form or from its 
relation to the ingot particularly susceptible to trouble from that cause, 
as for example the tubes mentioned by Dr. Stead, and tires. Relatively 
small external segregations, which existed more frequently than was 
recognised, were a source of danger in almost any article. He (Dr. 
Rogers) had known cent tally segregated rails, which showed no 
evidence of unsoundness such as unwelded pipes, to fail l»oth in test 
and in service. One of the most certain means contributing to the 
avoidance of segregation was to minimise the elements which segre¬ 
gated harmfully. He ventured still to hold that 0"05 per cent, of 
sulphur would be a dangerous specification for some important 
purposes. That was the opinion of the British Standards Committee 
which, he thought, Mr. Ridsdale would not consider an academical 
body. He was able to say tluit the method of printing from a frac¬ 
ture was being found useful in the ways he hod suggested. 
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ON THE ORIGIN OF TFTE IRON ORES OF 
SWEDISH LAPLAND. 

Bv L. LEIGH FERMOR, A.R.S.M., D.Sc.. F.G.S. (Calcutta). 


CORRESPONDENCE. 


Dr. L. L. Fehmoii 1 wrote regretting that he had not been able to 
reply earlier to Mr. Hoalxinan'R remarks on his paper on the Laponiati 
iron-ore deposits. They wore received in camp in India away from 
any library, and, owing to Mr. Herdsman's references to definite pages, 
it had been necessary to obtain by post from Calcutta Mr. Herdsman’s, 
!>r. Stutaer's, and his (Dr. Fermor’s) own papers. 

It was pleasant to discuss so interesting n subject with such a 
courteous controversialist as Mr. Herdsman, and ho (Dr. Fermor) 
would say at once that he thought Mr. Herdsman had supported 
very ably what he (Dr. Fermor) regarded as an untenable position, 
namely, the sedimentary origin of the iron-ore deposits of Swedish 
Lapland in general, and of Kiruunvaara in particular. 

The two papers read side by side might serve the useful purpose 
of setting forth briefly the opposite sides of the question. In taking 
up the magmatic position he was, of course, but agreeing with many 
other geologists, and consequently it was unnecessary for him to 
treat in detail a subject that had already been dealt with verv fully, 
especially by Stutier and Geijer. The object of his paper was' there¬ 
fore, to place More the members of the Institute a brief coition 
of the magmatic view, and so to prevent, if possible, the promulgation 
of what he regarded as retrograde ideas on this subject 

In considering Mr. Herdsman’s remarks it was well to take his last 
paragraph first, for m it he expressed a very comprehensive view of 
the origin of tron-ore deposits in general, with the foUowing words: 

“ He also ventured to affirm that all known magnetite deposits 
without exception were thermally metamorphosed ore concentra¬ 
tions pre-existing ju, sedimentary or replacement deposits, the 
Norwegian and other dmenite and titaniferous magnetite ore 
bodies being metamorphosed ancient fluvial or moriimconcentra- 
tions of those minerals such as he had previously referred to. 
There was thus in his opinion no room for a magmatic theory 
in connection with iron-ore deposits, and though tUt theory was 
much in evidence at the present time, he was confident that it 
would in due time bo found untenable.” 


i [This conununicaiwn was recrfmi too lau, for indmiou in the Uut volao* of the 
Journal. in which Mr. Fermor % paper is published.—E d. 1 


i paper is published.—E d.] 
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With that statement Mr. Herdsman ascribed, therefore, a uon- 
magmatic origin to such a deposit as that of Taln-rg in SmMand in 
Southern 8weden, which was regarded as one of the host and most 
undoubted examples of magmatic differentiation known to science. 
To deny the magmatic origin of that deposit was to deny not only the 
magmatic origin of any and every iron-ore deposit, but also (because 
such denial postulated the falsity of many of the fundamental con¬ 
ceptions of petrology, such as that gabbro was a plutonic igneous 
rock, and therefore of magmatic origin), the magmatic origin of 
chromite 1 todies in peridotite and serpentine, and of the nicktdiferous 
pyrrhotites of Canada and Norway. It was desirable, therefore, to 
mention briefly the evidence on which a magmatic origin had been 
ascribed to the Taberg deposit. 

At Taberg a small lens of olivine-nortte (gabbro), about 2 kilo¬ 
metres long and 600 millimetres broad, was surrounded by gneisses, 
into which it was intrusive. That norite consisted of plagiodase felspar, 
rhombic pyroxene, diallage, olivine, apatite, magnetite and ilmenite. 
As the ceutre of the lens was approached the rock changed gradually 
in minernlogical constitution into one composed of predominant tituno- 
mngnetite with olivine, with subordinate biotite and plagioclose, and 
known as magnetite-olivinite. That rock constituted the ore, and in 
its most central portion the plagioclase was completely absent. The 
ore mass was about 1 kilometre long and 400 millimetres broad, 
and formed a bill 130 millimetres high with reference to the sur¬ 
rounding country of norite and gneiss. It contained 31 to 33 per cent, 
iron with about 6 per cent, of TiO,. Gnbbrus and norites were 
admitted by all petrulogist* to be plutonic igneous rocks, and as there 
seemed to be no doubt about the gradual mineralogical passage of 
norite into magnetite-olivinite at Taberg—the ore-rock being com¬ 
posed of minerals found also in the norite—it could not be doubted 
that the central magnetite-olivinite (titaniferous iron ore) had been 
formed by magmatic differentiation in ritu from the original norite 
magma. 

Equally definite as regards origin and relationships were the 
rocks of the Ekereund-Soggenclnl region of Norway, where streaks 
(schlieren) of ilmenito-rock and of ilmenite-uorite were found within 
an enormous mass of anorthosite under conditions that proved them 
to be genetically related to the anorthosite, which all petrologists 
accepted as a plutonic igneous rock of the gnbbro family. Here also, 
consequently, there seemed to be no room for doubt as to the magmatic 
origin of the ilmenite bodies, which had so far yielded about 100,000 
tons of ore with 36 to 40 per cent. TiO, and 36 to 38 per cent. Fe. 

Reference to auv of the general works on ore deposits would give 
numerous other examples of iron-ore deposits that it was practically 
impossible to explain concordantly with the facts as either metamor¬ 
phosed sedimentary or metamorphosed replacement deposits. Perhaps 
the best and most convincing reading for the confirmed sedimentu- 
tionist who wished to be converted would be pages 239-274 of the 
section entitled .1 Itvpncituche Knauttehtidta^jen in that magnificent 


392 


CORREKPONHENCE ON FEltMUR*8 PAPER. 


exposition of the whole subject of ore deposits now appearing under 
the title of Die La/jvmtatten tier Jfutsftaren Miner alien und Ueeteine, 
by Professors Beyschlag, Krusch and Vogt. In that section might 
be detected the master hand of Professor Vogt, an enthusiastic 
mugiuutist. Ho (Dr. Fermor) doubted if Mr. Herdsman, after a 
careful perusal of the portion recommended, would bo able to retain 
his sedimentary theories. Should he succeed, however, ha thought 
he would be doing a service by explaining in print in what way the 
facts presented in the work referred to had been misinterpreted so 
as to lead many geologists to a magmatic theory when a sedimentary 
theory was the correct one. 


Where the divergence of opinion on the origin of the iron-ore 
deposits of Lapland in particular, and of all iron-ore deposits in 
general. 1 was so absolute, there seemed to be little point in subjecting 
to detailed analysis Mr. Henlsuiau’s criticisms of his paper. Never 
theloss, it might be as well to treat them briefly. 

In again referring to I)e Launay's opinion that the iron ores of 
Upland were sediments, it seemed to Dr. Fermor that Mr. Herdsman 
took a lino unfavourable to his caso. Mr. Herdsman supposed both 
the foot wall and hanging walls of the iron-ore bodies to bo metamor¬ 
phosed sediments. Do Uunay, however, supposed the underlying 
and overlying porphyries of Kinina to be surface lava flows, whilst, 
as Dr. Fermor had already pointed out in footnote 2 on ituge 113 of 
his piper, De Launay s explanation of the sedimentation of the iron 
ore itself referred to quite a different sort of sedimentation from that 
ordinarily understood by the term. The iron ore according to that 
explanation was of pneumatolytic-hydrothermal origin, having been 
emoted from a submarine lava flow as vapours of ferric chloride and 
sulphide. I he foregoing was based on the account of De Launay’s 
hypothesis as summarised in Stutter's paper and in the work by 
I ley M-hlttg- Krusch-\ ogt already cited (page 272). It seemed to dis- 
agree with the quotation from De Uunay given bv Mr. Herdsman, 
and he (Dr. Fermor) could only suppose that the sedimentary rocks 
referred to in that quotation were the admittedly sedimentary (at 
east in parti kurruvaaru and Haulu series, forming the foot and 
hanging walls of the porphyries. The meaning to be attached to 
sedimentation tn that passage when applied to the iron ores was 
probably the pneumntolytic-hydrothennul one mentioned above 

In the next paragraph of Mr. Herdsman’s remarks occurred the 
passage "including no doubt numerous intercalated sandstone beds," 
that was, intercalated in the supposed original ,-lavs and shales But 
no remnants of original sandstone bed. were now traceable in the 
hanging and fiwtwall ,sirphyr.es of Kirunu, so that Mr. Herdsman 
must suppose tbase original sediments to have been reduced to a 
state of such extreme flu.d.ty that the original samlstonee and shale, 
became incorporated one in the other. Mr. Herdsman was, therefore, 


> By that is meant ** treated as a whole." Of 
deposits of iron ore were of sedimentary origin. 


coursc * hr. Fcnnur admitted that some 
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postulating the admixture, whilst iu a state of fusion, of adjacent beds 
of different composition, a result diroctly opposite to that obtained 
by magmatic differentiation. One might legitimately expect the 
original ferruginous sediments to share in that process, and to 
become admixed with the molten shales and sandstones with produc¬ 
tion of iron-silicate minerals, instead of suffering a natural refining 
process, as required by Mr. Herdsman's theory. 

Even supposing there were sandstone layers intereilated between 
the hypothetical beds of shale and day, the additiou of that extra 
silica would not account for the differences already noted by him 
(Dr. Fermor) (p. 119) between the composition of the porphyries and 
any product one might expect to obtain by the metamorphism of 
shale and sandstone with the additiou of further supplies of material 
from the ore-bed. Mr. Herdsman admitted that the Kirunn por¬ 
phyries showed “all the characters of rocks solidified from fusion.” 
Hence the chief difference of opinion Beemed to be that Mr. Herds¬ 
man imagined a magma formed by the fusion of sediments, while 
bo (Dr. Former) imagined one derived from plutouic sources. The 
chemical composition of the porphyries supported, he thought, the 
latter supposition. 

The rocks of Gellivare, which Mr. Herdsman considered showed 
signs of less metamorphism than the Kiruna ores, showed him 
(Dr. Fermor), judging from microscopic examination, that they had 
solidified from fusion, and had been subjected to dynamic pressure, 
either after or during solidification. Assuming the latter alternative, 
the difference between the pressure conditions at Kiruna and at 
Gellivare might bo expressed by saying that the rocks of Kiruna 
solidified frtim fusion under conditions of static pressure, whilst those 
of Gellivare solidified under conditions of dynamic pressure. 

When Mr. Herdsman said that the “average phosphorus contents 
of these deposits (the magnetites) is everywhere from 1 to 2 per cent.," 
the word “ everywhere ” wus taken by Dr. Fermor to imply that the 
averages were taken separately for separate parts of one deposit. 
He (Dr. Fermor) saw now that Mr. Henlsnmn really meant that the 
average for the whole of each deposit was l to 2 per cent. That was 
probably the case, judging from the published figures; but the fact 
that the phosphorus contents of various parts of the Kirunn deposit 
must vary from almost nil up to nearly 18 per cent, did not (if it 
meant anything one way or the other) supjiort the idea that those 
phosphoric ore* were of sedimentary origin, as in such a case a more 
uniform distribution of the phosphorus might have been anticipated. 

Coming now to the titanium point, it would be seen that according 
to Geijer the TiO„ contents of the syenitic group of rocks had no 
relation at all to that of the iron oxides, but that Stut/er referred to 
leucoxene borders to magnetite in the syenitic rooks. Those two 
statements were not mutually contradictory, as the lnrger portion of 
the TiCC was stated by l ieijer to be present as sphene, and u very 
small proportion only os ilmcnite. It was presumably the latter that 
had given rise to the leucoxene, and the implied association of a 
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small amount of ilmenite with the magnetite explained that certain 
small quantity of XiO* (0-15 to 0'8 per cent.) actually present in the 
Kiruna ores. 1 

If, however, Mr. Herdsman wished to persist with his point that 
because the magnetite ore-bodies did not contain as much TiO.j as he 
would have expected had they been formed inugiuutically from syenitic 
magmas, then clearly ho would bo unwise to include the ilmenite and 
titaniferous magnetite deposits as examples of metamorphosed ancient 
fluvial or marine concentrations, as he did in the final paragraph 
of his remarks, for, in the case of these titaniferous ores, there was 
every gradation from the enclosing gabbros or anorthosites to the 
central ore-bodies, which, by implication, Mr. Herdsman was prepared 
to admit as evidence of magmatic segregation. 

• DU /-JftnturtcH Jtr Xmhiaren Mintralu* und Gattimt, p. iff!. 
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T1IE ANNUAL DINNER. 

The Animal Dinner was bold in the Great Hail of the Connaught 
Rooms, Great Queen Street, London, on Thursday, May 9, and was 
attended by over 400 members and their friends. 

The chair was taken by Mr. Arthur Cooper, President, and among 
those present were: Mr.J. M. Robertson, M.P., Parliamentary Secre¬ 
tary to the Hoard of Trade ; His Grace the Duke of Devonshire, Past- 
President; Sir Hugh Hell, llart.. Past-President; Sir Robert llodfield, 
F.R.S., Past-President; the Right Hon. Lord Airedale of Gledhow; 
the Right Hon. Lord Glantawe of Swansea; Dr. W. C. I nwin, 
F.R.S., President, Institution of Civil Engineers; Mr. Percy Gilchrist, 
F.R.S., Vice-President; Sir William Rniusay. K.C.B., F.K.S., Presi¬ 
dent of the British Association; Sir Edward Johnson Ferguson, 
Hart.; Mr. William Beardmore, Vice-President; Sir W ll l inn i \Y bite, 
K.C.B., F.R.S. ; Mr. E. Sclxaltenbrand; Dr. E. Schrodter; Mr. 
W. B. Peat; Mr. W. Evans; Vice-President; Sir John S. Handles; 
the Rev. Dr. Gow, Head-Master of Westminster School; Lieut.-CoL 
P. G. Von Donop, R.E., Inspecting Officer of Railways, Hoard of 
Trade; Mr. A. Greiner, Vice-President; Mr. C. J. Bagley, Member 
of Council; Mr. R. A. S. Redmayne, HAL Chief Inspector of Cool 
Mines ; Mr. J. M. Gledhill, Member of Council; Mr. W. E. Garforth, 
President, Institution of Mining Engineers; Mr. Hltyd NV illuuns, 
Member of Council; Mr. Edward Hooper, President, Institution of 
Mining and Metallurgy; Mr. Francis Samuelson, Member of Council; 
Dr. Paul Goerens; 3D. A. Lamberton, Member of Council; Mr. 
Leslie 8. Robertson ; Mr. M. Mannabcrg, Member of Council; General 
Leandro Cubillo; Mr. C. Vattier, Delegate of the Chilian Govern¬ 
ment; Mr. E. B. Ellington, 1‘resident, Institution of Mechanical 
Engineers; Sir H. F. Donaldson, K.C.B., Chief Superintendent 
of Royal Ordnance Factories; Mr. J. Stephen Jeans; Mr. Arthur 
Balfour, Master Cutler of Sheffield; Sir A. Seale 11 as lam ; 3D. J. 
A. F. Aspinull. and 3D. H. de Gorski. 

The President gave the toast of “ His Majesty the King" (Patron 
of the Institute), and of “ ller Majesty Queen Mary. Queen Alex¬ 
andra, His Royal Highness the Prince of Wales, and other 31embcrs 
of the Royal Family.” 

3D. J. M. ltonKHTSoN, M.P., Parliamentary Secretary to the Board 
of Trade, proposed the toast of “Kindred Institutions.” He said 
that it was in the enforced and regrettable absence of the President 
of the Board of Trade that he, as one of the humbler instruments of 
that Department, hod the honour of proposing that toast. That 
1 apartment had various and frequent intercourse with tho various 
forms of industr ial life in Great Britain, and the phrase “ Kindred 
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Institutions" suggested to the mind nil the developments and 
ramifications of that great industry for which the Iron and Steel 
Institute stood. It hud been said by a German thinker that “Tho 
man who made the first wheel was tho father of all machinery,” but 
he assumed that the first wheel was made of wood, and machinery 
would have made but little progress unless iron had been introduced 
into its construction. The institute was happily immune from politics, 
but perhaps it was capable of being brought into philosophic com¬ 
parison with the political side of human life. If they made a broad 
comparison of modern civilisation with the civilisation of antiquity 
they were entitled to say that it developed mainly in two respects, 
politically and scientifically, and when he refereed to scientific 
development he had in mind the application of science to the works of 
man. He supposed that, anthropologically speaking, man had been 
in the iron age for some thousands of years, hut it was only in the Litter 
phase of that age that ho had really come into his kingdom. Tho 
iron ago was the age of |»eaceful progress, and notwithstanding the 
manufacture of munitions of war. it was the great symbol of the 
peaceful conquest of nature. In speaking of kindred societies, he 
had in mind the great societies devoted to engineering, mining, and 
metallurgy the whole world over, whose members were the men who 
tunnelled mountains and pierced the sea, who constructed railways, 
planned great bridges, and built mighty ships. To speak of ships at 
that moment was inevitably to recall the Titanic disaster, of which 
they could only think us of on earthquake that had shattered a city. 
While under the shadow of that terrible disaster it was some consola¬ 
tion to recall the fact that in the ten years preceding that calamity 
British ships had carried across the Atlantic six millions of passengers 
with the loss of only nine lives. In regard to the trade of Great 
Britain, it was some satisfaction to know that even in the month in 
which the recent coal strike commenced, the trade of the country 
nearly maintained the great rise which it had been recently making, 
and but for the coal strike the figures would have been the best on 
record, independent of the fact that the figures of imports anil re¬ 
exports for the mouth were the highest in the history of the country. 
He might be permitted to augur from thut that the industrial outlook 
was satisfactory. Tho toast was coupled not only with the name of 
the President of the Institution of Civil Engineers, hut with names 
associated with great foreign branches of the universid industry for 
which their Institute stood, and it might be fairly said that science 
spoke hut one language for all mankind. He was reminded, and the 
fact was one which should make for goodwill among the nations, that 
the wonderful modern industrial development by one of the very 
greatest of the kindred nations was associated with a British 
invention, and it was a pleasant thought to him that it was a 
British invention, tho Gilchrist-Thomos process, which underlay the 
great modern developments of the German iron trade. That being 
so, it was not too much to say that commerce was tho great peace¬ 
maker in the world, and that it was commerce that drew men of 
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different, nations together, and that while commerce wrta the peace¬ 
maker applied science wua the universal benefactor. He gave them 
the toast of “ Kindred Societies," associating that toast with the 
names of Dr. Unwin, President of the Institution of Civil Engineers; 
Dr.lng. E, Schrodter, General Secretary of the Society of German Iron¬ 
masters; and Mr. A. Greiner, Past-President of the Urge Association 
of Engineers and Councillor of the International Testing Association. 

Dr. W. C. Unwin, F.R.S., President of the Institution of Civil 
Engineers, in responding to the toast, said that he had Itoeu selected 
for that duty as the President of the oldest of the Societies devoted 
mainly to ap|died science. Iron bad now, of course, been deposed 
from the great position it held fifty years ago by its younger rival 
steel, although perhaps it would be mare correct to call mild 
steel ingot iron. He could remember some of the last of the great 
wrought-iron bridges and tho construction of some of the first *Uel 
bridges, and sjieculations might be indulged in as to the place 
which would be taken in the future by the new alloys of iron, in the 
production of which Sir Robert Hadfield had played so great a part. 
The real achievement of Great Britain in the last century hud been 
the establishment of the great industrial system which had made 
society what it was to-day. He referred to the manner in which civili¬ 
sation, as it was understood to-day, depended upon the utilisation of 
the energy stored up in our coal resources. Iron was required in 
generating and distributing that energy. It had been said that in 
the utilisation of the energy of coal the world had been made filthier. 
There was some truth in that, hut with the further progn-.- of 
science they might hope for less smoke. Of the kindred societies 
tho earliest was the Iloyal Society, which was founded in 1660 by a 
few men gathered together by Sir Christopher Wren. Tho Royal 
Society concerned itself with the most recondite and fun d am en tal 
problems of science, but in earlier days it took great interest, not only 
in pure science, but in the applications of science. It was interesting 
to remember that Savcry's steam-engine was shown at the Royal 
Society in 1689, and as early as 1708 tho Society concerned itself with 
a project for propelling boats by the ageney of heat, and Robert Hope 
would very much have liked to put that project into practice, but was 
unable to do so for want of funds. The Royal Society in very early days 
took into its ranks the engineer Smeaton, thus showing its interest in 
applied science. Notwithstanding its royal patronage the Society 
sufferer! in its early days from want of funds. There were members 
who did not pay their subscriptions, and indeed Newton was excused 
the payment of his subscription by reason of want of means. It was 
characteristic of the Institution of Civil Engineers that it had 
included within its ranks members of every branch of the great 
engineering profession, and had contributed to the advancement 
of engineering during the whole of tho last century. By having 
these men within its ranks, in stimulating research, in recording 
discoveries in its transactions, and in publicly discussing such dis¬ 
coveries, the Institution had contributed to the advancement of 
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science and its application. It would be impossible to over-rate 
the advantage of the work which had been done by the Institution 
of Civil Engineers and the group of societies to which it had given 
rise. There was a great field for the activity of such institutions, 
and that was in connection with research work. A great deal of 
research work had been done by private individuals and in the 
laboratories of works and factories, but there was a great deal of 
research which did not open up any prospect of any immediate return, 
and in work of that, nature the kindred societies were now taking 
their fair share. 

I)r. K. Schkodteh, General Secretary of the Society of German 
Ironmasters, said it was his grateful task to speak on behalf of the 
German Ironmasters’ Association. If for Germany tho universal 
dream of peace should Ik» realised, then the Iron and Steel Institute 
would be able to say that it had taken a prominent part in (a-rform- 
ing such humanitarian work. S]>eaking from the German standpoint, 
he believed that the election of Mr. Arthur Cooper as President wo* 
the best possible promoter of international friendship. Ilis German 
friends sent a message of congratulation to the President, with their 
sincerce wishes for the continued prosperity of the Iron nnd Steel 
Institute, lie personally wishes! Mr. Cooper a successful period of 
office. 

Monsieur A. Gkrixer, Vice-President, Pnst-President of the Liege 
Association of Engineers and Councillor of the International Testing 
Association, said he felt that it was a great privilege that his name 
should have been coupled by Mr. Robertson with those of other repre¬ 
sentatives of prominent kindred societies. The Associations with 
which he had the honour to be connected were proud to feci that they 
enjoyed the close friendship of the Iron nnd Steel Institute. The 
Association des Ingenieurs -ort is tie l’Ecole de Liege iu jmrtieular 
was one of the oldest engineering societies, as it was founded ns far 
back as 1842 ; and the International Testing Association carried on 
a work closely allied to that of the Irou and Steel Institute. As the 
name of that Association implied, its chief object was the study of 
practical method- of testing the physical and chemical properties 
of metals, so as to secure uniform international practice in the matter 
of testing. It needed no words of his to emphasise the advantage of 
lieing able to carry out tests upon a material in one country which 
would l«9 comparable with those made in another, and iu that respect 
tho Association could justly claim to have accomplished much useful 
work. The Iron and Steel Institute had, he lielieved, twenty-four 
nationalities represented within it, and about the same number were 
represented in the International Testing Association, from which he 
thought it would be agreed that science recognised no boundaries of 
nationality or of race. They worked together not ouly for the good 
of the particular country to which they belonged, hut for the advance¬ 
ment of scientific knowledge in the world at large. He hnd to thunk 
Mr. Robertson for the very kind terms iu which he had referred to 
the Association which he had the honour to represent. 
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Sir Robkjit Hadfixui, F.R.S., Past-President, in proposing the 
toast of “The Guests,” said that, the pleasure of proposing that toast 
was the greater owing to the number of distinguished men who were 
present that night. These included Sir ‘William Ramsay; Dr. Uuwiu, 
the President of the Institution of Civil Engineers, the new building 
for which, he was glad to say, was making excellent progress; and 
Dr. Sehrodter, whom they were all delighted to see from Germany. 
He hml had an opportunity of inspecting some of the great works in 
Germany, and had been much impressed at the progress which wan 
being made. He was sure, however, that Dr. SehrOdter would forgivo 
him for claiming that Great Britain, too, was still holding her own. 
They were glad to see present that evening their continental friends. 
He hoped Dr. Sehrodter would take I tack to Germany from that 
gathering the certainty that there was no uuiu present who did 
uot wish to see good relations continue between Germany and 
England. Germany had great difficulties to face, and could not 
l»e blamed for making the same preparations tlmt Great Britain had 
the right to do. He had hud the pleasure of seeing, while in Berlin, 
some of the wonderful German scientific institutions, and only last 
week he hud had the pleasure in London of meeting some of the lead¬ 
ing German scientism. A visit was at the same time paid to 
Sheffield, nnd their German friends had expressed their pleasure at 
the progress being made in that great city. He wished to refer 
briefly to their new President, Mr. Cooper. Mr. Courier was really 
a chip of the old block, for he came from Sheffield, and his Sheffield 
friends were glad to see him in the chair and to wish him every 
success. With regard to Sir William White, with whose name the 
too*!, was coupled, they were all aware of the good work he had done 
for the Institute. They also had present that night Mr. Robertson 
of the Bourd of Trade, and they all watched with great interest the 
work of that department, which was of great importance. Mr. 
Robertson had referred to the Titanic , and he (Sir Robert) might 
perhaps be allowed to say that it was no defect of material which 
caused that disaster, and that there was nothing wrong with the steel¬ 
work in that ship. It was the result of unfortunate circumstances, 
und they all sincerely hoped such a disaster would nbt occur aguiri. 

Sir WinniAu Wuitb, F.R.8., K.C.B., said it was the usual custom 
to begin a speech on lie half of the guests by speculations as to why 
the man whose name was associated with it had been chosen to 
represent distinguished visitors. He did not on that occasion pro¬ 
pose to trouble them with any observations of that character; he 
was quite content to have the honour in that distinguished gathering 
of expressing to the President ami members of the Iron and Steel 
Institute the grntitnde which all the guests felt at being invited to 
that splendid banquet and for haring such a pleasant evening. He 
was the more grateful because there was a time when he was a 
member of the institute, but owing to the way in which the number 
of his subscriptions had increased he had taken the liberty of passing 
from tho list of members to the outside, and now had the pleasure of 
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being present ns n guest of the Institute, nnd should continue to 
come os long ns nn invitation reached him. It was n large order to 
represent the guests assembled there that night, distinguished men 
from many countries, men distinguished in many ways. One guest 
present that night, the President of the British Association, might 
have bettor performed the duty; but perliajs! they had fought a little 
shy of him, because be had been giving currency to an idea in regard 
to dealing with the coal dejiosits of this and other countries, which 
might not have been altogether well received by some members of the 
Iron and Steel Institute. He was, however, sure of this, that if Sir 
William Ramsay had riseu and explained, in the attractive mnnner of 
which he was such a master, the great features of that scheme, it would 
have been much more interesting than anything he (Sir William 
White) could have to say. First of all, on behalf of foreign guests, 
he would like to say how much they appreciated the honour of being 
present, that night; and as the representative of the German iron¬ 
masters had said, meetings of that kind afforded a favourable oppor¬ 
tunity for doing the wonderful work of bringing nations together 
in which the Iron and Steel Institute lmd played so great n |Kirt. 
He heartily endorsed what bail been said on that head. Speaking 
for the home guests, they werealBo debtors to the Institute and were 
happy to have the opportunity of acknowledging the debt If he 
might, lie would like to express the pleasure it was to him to be there 
with Mr. Cooper sitting in the choir as President. Those who hnd 
had to with the great work of standardisation, which had been pro¬ 
ceeding in Great Britain and throughout the world for many years, 
knew how excellent and valuable had been the assistance which lmd 
been given by Mr. Cornier in bringing closer together users and 
manufacturers of materials to the mutual advantage of both. They 
wished Mr. Cooper a most successful period of office, and they had 
the assurance that it would be 60 , because to high personal qualities 
was added a professional standing and distinction which ensured 
success. He would like to make one reference to a matter in which 
he had been able to play some part of late, and in which he hoped 
members of the Iron and Steel Institute would take an active interest 
in common with nil English-speaking engineers throughout the world. 
Wbon lie was in the 1 nited states last November it was represented 
to him by those connected with engineering and the iron and steel 
industry that it was fitting there should be placed in Westminster 
Abbey a memorial window to a great man of science and engineer. 
Lord Kelvin. Lord Kelvin was buried in the Abbey, and they would 
hear from their Secretary very soon in a more formal fashion, that, 
out of that suggestion which originated in the U nited States had come 
action which was being taken by the parent society, the Institution 
of Civil Engineers, which they lielieved and hoped would result in a 
memorial window being placed iu Westminster Abbey to represent tbe 
reverence, affection, ami esteem which all English-speaking engineers 
throughout the world felt for the memory of Lord Kelvin. There 
was a saying which he could not quote exactly, although he had 
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heard it used at a dinner of the Iron and Steel Institute by a master 
of eloquence, whom he did not pretend to emulate. Speaking of the 
widespread influence of the Iron and Steel Institute and of the many 
friendships which had grown up under its shadow, he ended by hoping 
that the phrase, “ Grapple them to your hearts with hoops of steel " 
would nlways remain the motto of the Iron and Steel Institute. 

Mr. \V. B. Peat proposed the toast of the Iron and Steel In¬ 
stitute. He said that through the courtesy of the President and 
the Secretary he had been invited to fulfil a somewhat difficult task 
under any circumstances—namely, to propose the toast of “Tho Iron 
and Steel Institute.” He said “ difficult under any circumstances,” 
but he was encouraged by the remark once made by an eminent man 
in the steel trade that “a preacher who could not strike oil in ten 
minutes had better cease boring." He fully appreciated the honour 
which hud been conferred upon him, the imjsirtance of which was 
measured by the fact that in proposing that toast, great names, such 
as Lord Alverstone, Duke of .Norfolk, Lord-Justice Fletcher Moulton, 
Sir Edward Grey, the lnte Lord Airedale, and Sir H. Llewellyn 
Smith of the Board of Trade, had been associated. If he attempted 
to attain to tho staiidurd of any one of the speeches which were deliv¬ 
ered on those occasions he would lamentably fail, and further, it would 
be impossible for him to approach the subject with the knowledge 
of affairs which any one of those gentlemen possessed. But he had 
the advantage in addressing them of being able to say that he was a 
looker-on with such knowledge as figures could give of the industry 
in which the Institute was interested; and he claimed that in Buch a 
case the looker-on saw a good part of the game, and perlmps the most 
interesting part—the periodical results. The Institute was founded 
nearly two generations ago by men who enjoyed tho appreciation, and 
he might almost say the affection, of their fellow-men. Such men as 
Sir David Dale, Sir Lowthian Bell, and William Whitwell, whilo not 
seeking to curtail the commercial individuality of those engaged in 
tho steel and iron trade, conceived the idea of giving to the world 
all the benefits which flow from the elucidation of new systems of 
manufacture. The whole world was the stage on which they desired 
that the Institute should play its part, not seeking for the benefit of 
any one works or any one country ; and wherever tho iron and steel 
trades had an existence—which in those days might be from Greenland’s 
icy mountains to India’s coral strand—there it was their intention to 
spread the advantages of modern scientific methods. The policy 
founded and incorporated in the Institute was no selfish policy; 
no country and no individual was to be poorer from its operations. 
Everybody of every’ country in every branch of industry in the 
steel arid iron trade was to be benefited. The founders were 
furthest removed from: 
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" The good old rule nnd simple plan. 
That be shall take who has the power. 
And he shall keep who can." 
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If a layman might venture a suggestion, it was that the Institute 
could, with advantage, travel still further on tho lines of international 
co-operation towards attaining the ends contemplated by those 
founders of tho Institute, who wisely foresaw that insular seclusion 
was not good for any country, und that the whole world might 
become the theatre of the Institute’s beneficent operations. Insti¬ 
tutes and associations did not live by conjuring with the names of 
those who, in bygone days, built them up; and he claimed on behalf 
of that Institute that the policy of its founders hud been amply 
fulfilled by the wise men who now controlled its destinies. 

Great Britain had always been represented on the Council of the 
Institute by the greatest minds engaged in the steel trade, to say 
nothing of the eminent scientists of all nations who were amongst the 
tank and file of membership. Austria wus represented on the Council 
by Mr. Kostranek ; Belgium by Mr. Greiner, than whom no one held 
a warmer comer in tho hearts of those directing the destinies of 
the industry ; France by Mr. Schneider of the l*e Creusot wurks; 
Germany by Dr. F. W. Liirronnn ami hy Mr. Springnrum, the 
eminent President of the German Society of ironmasters; Italy 
by Mr. G. E. Falck, President of the Italian Metallurgical Associa¬ 
tion ; Sweden by Mr. E. J. Ljungbnrg, the Director of the largest, 
mining company in Sweden ; and finally, the United States of 
America was represented by Mr. Andrew Carnegie and Mr. John 
Frit*, names familiar to the iron and steel industry all the world 
over. Out of a total membership of well over 2000, there wore repre¬ 
sentatives of no fewer than twenty, four distinct nationalities. 

No greater gathering of men who had made their mark in the 
greatest of the world’s industries could bo found than that assembled 
there that night The international character of the Institute was 
distinctive and unique. There was hardly an invention which bad 
formed an important epoch in the progress of the steel trade, which 
had not in the first place been brought to light in the records of the 
proceedings of the Institute. Among those he would refer to the 
Siemens process, on which a paper was read by Sir William Siemens 
in 1873. At the present moment it was not a wild statement to make 
that close on 35 million tons of steel per annum were made by the 
open-hearth process. Then there was the Thoums-Gilchrist process 
upon which a paper was read by Mr. Thomas in 1879, and although 
Mr. Thomas was no longer living, Mr. Gilchrist, his co-inventor, was 
present that night. That process rendered possible the utilisation of 
millions of tons of phosphoric iron ore; created wealth out of poverty, 
and made barren places teem with population and ring with prosperity. 

In the domain of mangnnese steel a paper was read in 1888 by Sir 
Robert lladfield, who was the inventor of that alloy, and who was 
also present that night. He would also refer to the ojam-hearth con¬ 
tinuous process, upon which a paper was read in 1900 by Mr. Benjamin 
Talbot, like Sir Robert, a Bessemer medallist, and also present 
with them. He might extern! the list, but he had done enough to 
remind them that the policyof tho Institute for twogenemtions had been 
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co-operation in the utilisation of every useful invention. If be ven¬ 
tured to trouble them for a moment longer, it was merely to touch oil 
a problem affecting the steel and iron trade, which was common to 
every country and affected every manufacturer in every country more 
or less directly (and no less important to the well-being of the industry 
than the inventions to which he had referred), and that was the unrest 
in the labour world. What use could bo made of the directing brain of 
a great industrial enterprise, and the moneys of the investing public 
which laid been put into it, unless there was accorded that third sup¬ 
port which made the whole useful, namely, a reasonable supply of 
labour on reasonable terms. It was not ns if unrest in the labour 
world affected one country and escaped others, hut there was a grow¬ 
ing solidarity of labour, evidenced by the fact that in the recent 
.■•trike lubour delegates from Germany and France and from 
other countries visited England to confer with those dii-ecting the 
strike. It did uot appear that the industrial unrest was altogether a 
11 nest ion of wages; it had been well said that the toe of laliour was 
close on the heels of capital, and encroaching on its very existence, 
lie recalled the fable of the frog, whoso attenuated limljs held a con¬ 
ference and decided to claim a greater share of the good things which 
the head and body seemed to retain. No possible solution presented 
itself—the limbs could not act. ulune nor could the head and body; 
and starvation alone brought those parts of the whole to realise their 
mutual dependence each on the other. Whether laltour unrest was 
dealt with by co partnership, by sliding scales Inised upon the value 
of products, ar by the old-f&shioned method of fighting to a finish; 
whether capital submitted to demands—perhaps unreasonable and per¬ 
haps made without due regard to the interests of industry; or whether 
it might be considered better to admit that the relations of labour 
and capital were os much a common feature of the common industry 
as the inventions npon which it based its prosperity, and discuss them 
accordingly, were matters upon which he did not feel himself called 
upon, or indeed capable of, expressing an opinion. That matter, 
which overweighed all others in its importance, was already in the 
minds of the governments of all the nations of Europe. To the Presi 
dent was entrusted the task of navigating the Institute along the 
channels which its founders had constructed, and of continuing a 
policy of co-operution and good-fellowship with the citizens of every 
country engaged in the iron and steel industry, giving and getting 
the liest products and the brains and the skill, of which no one country 
could claim the monoply. The President’s achievements in the trade 
in which the Institute was interested needed no comment, for they 
were kuown wherever the steel trade was known. Mr. Cooper was a 
Bessemer medallist of twenty years' standing, the foundations of 
the commercial application of the Thomas-Oilcbriat process were 
largely encouraged by him, and he was one of tho pioneers of that 
branch of industry. He believed that the Institute was happy in 
tho selection of its President, aud he believed that Mr. Cooper would 
follow worthily in the footsteps of the giants who in past times had 
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htfld sway over the destinies of the Iron and Steel Institute, lie 
had great pleasure in proposing the toast of the Iron and Steel 
Institute, and in coupling with it the nnme of their President, Mr. 
Arthur Cooper. 

The President, in reply, said that, as Mr. Peat had remarked, the 
Inin and Steel Institute was an International Association. It was true 
its headquarters were iu Great Britain, but twenty-five per cent of its 
members hailed from the chief iron- and steel-making centres in the 
continents of Europe, America, and Asia, and, as Mr. Greiner had 
pointed out, the members belonged to no fewer than twenty-four 
nationalities. He was convinced tbit the colonial find foreign 
membership was a source of great strength to the Institute, bemuse 
no country could claim to have a monopoly of tbe brains of the 
world, and it was only by the free interchange of opinions between 
men who were occupied in solving the great problems which confronted 
the industry in different parts of the world under different conditions 
that the best results could be achieved. He believed that the 1 ron 
uud Steel Institute had done much to break down the prejudice 
which formerly existed in the minds of many and caused them to 
withhold from competitors any information. It was now generally 
siecepted that tbe free interchange of ideas and opinions among 
competitors resulted in mutual benefit. Tbit constituted a sufficient 
reason for welcoming accessions to their colonial nnd foreign member¬ 
ship; hut there was another reason. Mr. Peat had referred to former 
proposers of the toast of the Iron and Steel Institute, and he would 
like to refer to one name which Mr. Peat had omitted to mention; 
it was tbnt of His Excellency Lori Htrathcomi. A few years 
ago, in proposing the toast, Lord Struthconu said that he hoped 
by means of irou and steel the Empire would be more closely knitted 
together. He would go a step further; he believed that by means 
of iron and steel not only the Empire but all the iron nnd steel 
uinklng nations of the world would be more closely knitted together, 
nml that thus the Iron and Steel Institute might assist in tbe 
permanent establishment of friendship and goodwill throughout the 
world. He only desired in conclusion to thank Mr. Peat for the 
eloquent way in which he proposed the toast and those present for 
the kind way in which they had received it. 
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Mr. William H*v*Y Blecilt, Honorary Treasurer of the Iron 
anil Steel Institute, and n trustee of the Bessemer Medal Fund, died 
on the morning of Tuesday, July 2, at the P wily croc ban Hotel, 
Colwyn Bay, at the ago of seventy-one years. He had been some¬ 
what poorly for some months, and had been staying in North Wales 
in the hope of regaining his health. By his death the Institute has 
suffered a severe loss, as throughout his wholo connection with it 
he evinced the greatest interest in its affairs, was assiduous in his 
attendances both at. council meetings and general meetings, and 
devoted to tho promotion of its interests ungrudged time and labour. 
He was an original member, having joined the Institute together 
with his brother, Mr. John James Bleckly, as far back as 1869, tho 
date of its foundation. 

Mr. Bleckly was born in 1840 at Northallerton, nnd was the eldest 
son of the late Mr. Henry Bleckly, the chairman of the Liverpool 
Quarter Sessions, and for several years chairman of tho Warrington 
Board of Guardiuns, and Mayor of tho town. He was oducnted at 
Queeuwood College, Hampshire, an establishment founded onginally 
by Robert Owen, and subsequently converted, in the year 1847, into 
a school, famous far having numbered amongst its scholars the late 
Henry Fawcett, Professor Tyndall, and several other men who have 
achieved note. Mr. Bleckly left school early, and joined his father 
at Dallam Forge in 1856. ’ At that timo the Lancashire iron trade 
was comparatively gpeaking in its infancy, but u period of pros¬ 
perity was before it, and with that prosperity Mr. Bleckly was, for 
many years, closely and directly associated. In addition to Dallam 
Forge, his father acquired Bewsey Forge, and subsequently the 
cullieries of Messrs, l’earson Si Knowles, with which the forges were 
amalgamated, to become, in the year 18i4, tho Penrson 4: Knowles 
Coal and Iron Company, Limited. Tho iron nnd steel departments 
of these works have an* output of 2500 tons finished iron and steel 
per week, and employ over 2000 hands, npurt from those employed 
in the colliery itself! Mr. Bleckly was for many years managing 
director of the Company, and was associated, in his direction of its 
affairs, with his brother, the inventor of the repeating wire rolling- 
mill, which was installed in the works at Warrington, and has since 
been largely adopted both at home and abroad. 

Iu politics he was a Conservative, and, although he took little 
active part in public affairs, he was an accomplished and convincing 
speaker, and was always listened to with interest and respect. Ho 
was imbued with litcrarv tastes, which led him to nmass a valuable 
collection of works at bis home at Thelwall Lea. Ho was also an 
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ardent sportsman and an excellent shot. In Warrington he was 
most highly esteemed, and his philanthropic nature led him to 
bestow many benefactions upon that. city. As a business man he 
was punctilious in the extreme, but, while assiduous in the discharge 
of his duties, he imported into their discharge kindness of heart, tact, 
and discretion. By his colleagues on the Cotmcil of the Iron and 
Steel Institute, to which he was elected in 1881, his opinions were 
highly valued, and his advice frequently sought In lttlt-l he was 
appointed a vice-president, and in 1900, on the election of the late 
Mr. William Whitwell to the presidency of the Institute, Mr. 
Bleckly was unanimously appointed honorary treasurer. In 1905 he 
succeeded the late Sir Lowthiun Bell as co-trustee, with Sir David 
Dale, of the Bessemer Memorinl Fund of the Institute. He also, 
from time to time, made valuable presentations of books to the library. 

He was a director cif Messrs. Hyland Brothers, Limited, deputy- 
chairman of the Pearson A* Knowles Coal and Iron Com piny, 
Limited, and a director of the Partington Steel and Iron Company, 
Limited. He also served for many years as a governor on the Court 
of the University of Liverpool. 

He married the youngest daughter of Mr. John Johnson, of 
Easingwold, near York, who survives him, and by whom he had three 
sons and one daughter. Mr. Bleckly was buried on Friday, July 5, 
at Thelwall Church, the funeral being attended by the President of 
the Institute, Mr. Arthur Cooper, and by several members of the 
Council. 

Sir Jonx Gay Newtos Alleyxe, Bart., of Clievin, near Belper, 
died at Falmouth on February 20, at the ago of ninety-one. He was 
born at Barbodoes on September 8, 1820, and was the son of Sir 
Reynold Abel Alleyne, Bart. Though the baronetcy was created as 
far buck as 1769, Sir John, who succeeded his father in 1870, was 
only the third holder of the title. 

He was educated at Harrow and ut the University, Bonn; and 
from 1843 to 1831 was warden at Dulwich College, to the family of 
the founder of which his own family claimed to be related. His 
business career commenced with a short engagement at Barbodoes 
in the sugar industry, after which he entered the service of the 
Butterley Iron Works Company in Derbyshire. 

One of the first manufactures which engaged Sir John (then Mr.) 
Alleyne’s attention was that of rolled iron girders for floors, and 
deck beams for iron ships. In 1853 Messrs. Fox & Barrett intro¬ 
duced their system of fireproof flooring, for which the Butterley 
Company supplied the rolled girders or joists. An enormous demand 
arose, and the capabilities of the mills then in use ware soon 
exceeded, but Mr. Alleyne introduced his system of welding which 
enabled the largest sections to he produced without unduly taxing the 
capacity of the comparatively small rolling-mills then in operation. 
Sections of T-»ron were rolled, and by welding two of these together 
nn H -section was formed. For still deeper sections a piece of boiler 
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plate was inserted between the T-bara, so that there were two 
longitudinal welds instead of one. Great difficulties were met with 
in the welding proeeas, but the skill and perseverance of Mr. Alleyne 
overcame them; and the method finally adopted proved exceedingly 
effective. 

In the Exhibition of 1862 the largest exhibit in iron and steel wan 
that made by the Bntterley Company; every item in which exhibit 
wns made under the personal supervision of Mr. Alleyne. It may be 
interesting at this date to name a few of the specimens out of many 
A solid deck beam 16 inches deep, with knees welded in. A solid 
wniught-iron engine beam 31 feet 9 inches long by 7 feet wide, 

inches thick, weighing 7 tons. An armour plate, 14 feet long, 
6 feet wide, 4| inches thick. A solid welded wrought-iron girder, 
3 feet deep, with flanges 12 inches wide, nnd another similar girder 
2 feet 6 inches deep. 

in consequence of wrought iron proving unequal to resist the fire 
of improved guns, the manufacture of iron armour plates was not 
proceeded with, but Government orders for deck beams, chain iron, 
.fce, were such, that for many years two Admiralty inspectors resided 
near the works to carry out their duties in connection with the firm s 
Government contracts. 

The Bessemer and other processes for chenp steel had not been 
introduced when Air. Alleyne turned his attention to manufactures 
in iron; and owing to the increasing difficulty of obtaining good 
puddlera, in 1867 he devised a puddling furnace with a routing 
circular bottom combiner! with a reciprocating mechanical Uble. 
This furnace was shown working at Codnor Park in 1870. 

In that year Sir Reynold died, ami Mr. Alleyne succeeded to the 
baronetcy; in the same year he designed and constructed the splendid 
two-high reversing-mill for rolling iron and steel girders and deck 
beams up to 16 inches deep, fitted with traversing Ubles, movable 
saws, and other appliances which only appeared at a much later date 
at other works. Many schemes for reversing rolls had been publicly 
discussed, and Sir John adopted the bold and novel expedient of two 
independent engines fitted with heavy fly-wheels, which alternately 
drove the mill in either direction as required ; and as tho reduction in 
speed during arch pass was recovered by one engine whilst the 
other engine was driving the rolls, the output of the mill was in¬ 
creased considerably. Although this arrangement w;ui afterwards 
improved upon bv reversing engines, this mill worked with success 
and economy. 

In 1868 the Butterlev Company secured the contract for tho large 
roof of St. Pancras SUtron, London ; and as no roof of so large a span 
and of similar design had been then erected, the masterly way in 
which the manufacture of thrs roof at the works, and the still more 
difficult pr oblem of its erection on the site, were carried to completion, 
is in itself a striking testimony to the originality ami resource of Mr. 
Alleyne. It has a span of 240 feet, springing from rati level to a 
height of 102 feet, with twenty-four main ribs weighing about 
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60 tons each, for the erection of which Mr. Alloyne designed two 
large timber stages, each made in three divisions, running on wheels 
so that each port could bo moved independently fitted with power- 
driven hoists for lifting the ironwork into position, ami on these 
stages pairs of ribs with intermediate purlins were erected ; and 
when one pair was completed the stages were moved forward fur the 
erection of the succeeding pairs. This system of erection has been 
folliiw*s l by other contractors in similar aises. 

In 1872 the Butterley Company undertook the manufacture un<l 
erection of the large double-line railway bridge over the Old Musk 
at Dordrecht, consisting of four fixed s|<aus varying in length fnun 
283 feet 10 inches to 211 feet 9 inches, and two double openings 
respectively 167 feet 4 inches and 105 feet wide, crossed by swing 
spans This was a heavy and difficult work; and again were the 
remarkable skill and foresight of Sir John evidenced in his arrange¬ 
ments for the design of the staging and Pickle and the erection uf 
the ironwork. The bridge remains to this day as a splendid example 
of good material and workmanship. 

Nor were his labours confined to practical evervday work. He 
waaa ski Med astronomer, having a well-fitted observatory; and the 
method of determining small quantities of phosphorus in iron and steel 
by means of the spectroscope, as devised by him, placed him in the 
fiont rank of those who have ennched science by physical research. 

° f h “ P nVat0 "<*kahop bore evidence L, to llis technical 
skill, and few workmen coaid handle tools better than he .lid 

Mr John Alloyne contributed a pan* on “The Estimation of Small 
Quantities of I hosphorus in Iron and Steel by Spectrum Analysis" to 

. Hu . waa a member of the Institution 
of Civil Engineers and the Institution of Mechanical Engineers, and 
was one of the original members of Council of the Iron and Steel 

Institute, having been subsequently elected a vice-president in 1870 . 

Fiir'rW bv Si A r? , belk ’ tl,e of Sir Henr y 

wrufirL“n; *rr 

lb'R . B ,“ N . ''* ““"JT- f oh “ M.jn.0 Aflejn., , LSntta 

the Royal Navy, Kucceeds to th6 buronotev* 

NViujam Allott died at Chnpeltown, Sheffield, on Mnv 18 191*> 
aged sixty yearn He was managing director of Newton C^birs 
and Com|uuiy, Limited, of Thorndiffe. Born in J 

his education at Barrow, Wentworth. HestTrUd hSh.' 
in the collieries, and was afterwards “T* 

of the Company. Upon the death of Mr the ofllce 

showed their confidence in him by entrusting hb? 
management of the whole of the Thorn cliffy JininT ' tLc f “ , 
later elected him to a seat on the board and ^ v ,.n,, I>r ^ PCrlle,t ’ n . nJ 

director. He was elected a member of the In,, ' i ^ ®»n*jS u »g 
in 1905 01 1,1 * lron »nd Steel Institute 

* Journal ef tkt Iron and Stmt IntHtnU, 187S, p. G2. 
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Adam Carlisle Harlot died on January 10,1912, at liis residence. 
Sower by, Thirsk, aged seventy-six years. It is rather more than half 
a century since he laid the foundations of what developed into an 
important agricultural engineering business. In 1854 he built some 
small workshops which gave employment to about a dozen men. His 
products had not been on the market long before they began to 
attract the attention of agriculturists, and they quickly come into 
considerable vogue. The works at Thirsk bad to be extended in 
order to cope with the steadily increasing demand, and they wore 
gradually developed until at the present time they give employment 
to over 200 men. Of late years his attention was chiefly devoted to 
the various processes of tar-spraying and the laying of tar-macadams, 
and he established a plant of his own for the manufacture of material. 
He was a member of the Institution of Civil Engineers, of the Institu¬ 
tion of Mechanical Engineers, and of the Sanitary Institute. He was 
elected a member of the Iron and Steel Institute in 1877. 

Mr. Gustave lloiiL died, at the age of sevonty-five years, at his 
residence ut Brussels, on Sunday, March 31, as the result of a short 
illness. He was born at Houdeng-Goegniea on March 18, 1837. He 
had been a Senator of the Belgian Upper Assembly from the year 
1880 to the time of his death, anil bad sat as recently as March 
in the current year. He was the owner of a number of important 
industrial concerns in Belgium, including sugar refineries, an ice 
factory, and ironworks and collieries in the Chenoy district. In the 
earlier days of his career, he was associated with the late Mr. 
Boucqueau in a number of important undertakings. The fortunes 
of the firm being jeopardised by a financial crisis, Mr. Boel placed ut 
the disposal of the Company his entire financial resources, and when, 
a few years later, Mr. Boucqueau died, ho appointed Mr. Boel his 
sole heir, leaving to him the numerous activities which they hail 
conjointly pursued. In politics Mr. Boel held strong Liberal opinions. 
He was a member of a number of learned societies and institutions in 
France and Belgium, and he was elected a member of the Iron and 
Steel Institute in 1892. He was buried at La Louviero on Tuesday, 
April 2. 

Georue IIr.miv Davev died on September 8, 1911, at his 
residence, Woodsiile, Briton Ferry; Glamorganshire, ut the age of 
seventy-three. He was a son of the late George Davey, who, in 
conjunction with others, built anil started the Briton Ferry Iron 
Works in 1846. The deceased was educated at Sidcot School and at 
W orcester. Entering the Briton Ferry Works in 1854, he became 
manager in 1866. In 1889 the works were reconstructed, and the 
present Company, known as the Briton Ferry Works, Limited, formed; 
the deceased being chairman of directors, which office he retained 
until his death. The deceased was also for many years chairman of 
directors of the Villicre Tinplate Company, Briton Ferry, and was 
connected with other local industries. He did not take a very 
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active interest in politics, but was a Conservative in his views. For 
nianj years he took a part in public life and was chairman of the 
Briton Ferry Local Board from 1870 to 1889. From 1894 until his 
death he was the cliairman of the bench of the Port Tulin)t, Petty 
Sessional Division. He was elected a member of the Iron and Stee'l 
Institute in 1871. 


Sir Theodore Far, Bart., M.P., .lie,! on February 5, 1912, at his 
residence at Boeehhanger Court, Caterham Valley, Surrey, in his 
seventy-seventh year, and was buried on February 8 in the Parish 
Cemetery of St. Mary's, Caterham. He belonged to a well-known 
north-conutry family, for many years connected with the Cleveland 
iron trade The Lite Sir Theodore Fry was the second son of the 
late Sir. Francis Fry, of Tower House, Bristol, and of Matilda, the 
daughter of Daniel Penrose, of Co. Wicklow, and was born on Slav 1, 
IfcUb. Jt had been the intention of his parents that he should' be 
especially fitted for trade and commerce, and he oarlv developed a 
comprehensive grasp of these subjects. He received'his education 
in Bristol. He went to Darlington in I860, becoming chief partner 
in Yr y, I Anson A Company, Limited, Bise Carr Rolling Mills, which 
was succeeded m turn by Sir Theodore Fry A Company, Limited, of 
which company be was, until recently, chairman. ' He was. in 
addition, a director of the Bear Park Coal and Coke Company, 

: * « '. rwtor of T the Weardale and Shildon Water Company; 
of Saddler A Company, Limited ; of the Nitrate Prodncers’ Steamship 

seers^ t* ■ *>«*» * a», 

th “ “poftwenty.rixhe married Sophia, daughter of Mr. John 
Pease of Last Mount Darlington, and Cleveland Ledge, Great Avion. 
Yorkshire, and gnuid-daughter of Mr. Edward Pease, by whom bo 
bad four sons and three daughters. She died in 1897, and in 1902 
he mamed Horence the eldest daughter of Mr. William Bates, of 
Oukdene, Birkenhead, by whom he had one daughter 

He was a great traveller and a collector of antiquities of various 
kinds, fie was a Fellow of the Society of Antiquaries and a life 
member of University College, Ixmdon. H e was also » Doctor of 
Laws {Honor* Causa) for the University of Durham, and Lord of the 
Manor of Cleasley in the North Biding of Yorkshire 

on account of his advancing years in 1909 ^ membership 

William Healey ILakkisov of am~i,_ T . ,, ... 

9 R 1419 ' « AUmhaw, Lichfield, died on 

Wmi.ii> Huriuk Lunit«.7, ™ h°' 
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for many years a member of the Mining Association of Great Britain. 
He was elected a member of the Iron and Steel Institute in 1882. 

William Edward Hipkiss was drowned in the Titanic disaster on 
April 15, 1912. He was the only son of Mr. G. F. Hipkins, steel toy 
manufacturer, of Birmingham, and was bom about sixty years ago. 
His early experience was gained in travelling abroad. On his return 
he undertook the management of his father’s business, but sub¬ 
sequently disposed of the concern to become managing-director of 
J. <fc E. Wright, rope manufacturers, nnil in 18915 he undertook a 
similar position in the firm of W. <fc T. Avery. Here he wit* 
responsible for the entire re-organisation of the business of the firm, 
and particularly for the arrangements connected with its removal from 
West Bromwich to the famous Soho Foundry. Ho was a member of 
the Institution of Civil Engineers and the Institution of Mechanical 
Engineers, and was elected a member of the Iron and Steel Institute 
in 1895. 

Baron Hippolyte d’Hcart died on February 23, 1912, after a very 
brief illness. He was a native of the town of Lougwy, where he was 
born in August 1842. During the early part of his career he man¬ 
aged, jointly with his brother, Baron Fernand d'Huort, a blast-furnace 
which hail been erected at Longwy by their father, and he was alBO 
interested in an important porcelain works in that neighbourhood. 
In 1883, with the assistance of the SocitStd des Hants Fournenux de 
Maubeuge, the brothers founded at Lougwy-bas tho Societe Metnllur- 
gique de Senelle-Maubeuge, of which they became the monagers. In 
1902 the former Company wns taken over and amalgamated with the 
Socicti Metallurgique de Senello-Maubeuge, and six years later Baron 
Hippolyte was appointed chairman of the board of directors. Under 
his energetic influence the Company developed very rapidly, and soon 
became one of the priuciiml steelworks in Meurtbe et Moselle. He 
was also one of the founders of the Societe des Acieries de Longwy 
and of the Societe des Hants Fourneaux d’Athus, of which he was a 
director. 

In addition to his connection with the above mentioned Companies, 
he was chairman of the Societe des Mines de Jarny, of the Society des 
Mines de Murville, and of the Association Cooperative Zclandaise de 
Carbonisation. He was also a director of the Comite des Forges de 
France; of the Banque de France; of the Comptoir MdtnBurgiqiie 
de Longwy ; and of the Societe Lorraine de Carbonisation, at Auby. 

Baron d’Huart wns a powerful personality among the men connected 
with the iron industry of Lorraine, to the prosperity of which he 
largely contributed by his untiring enterprise and bread th of view. 
He also took an active part in the affairs of his native city, which 
loses in him one of its most distinguished citizen*. He had served as 
a member of the Municipal Council of Longwy since 187(5, and the 
Cross of the legion of Honour was conferred upon him in recognition 
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of the numerous public services rendered by him during his long 
CRIMP* 

Baron Hippolyte d'lluart was elected a Member of the Iron and 
Steel Institute in 1909. 

Jonathan Loan botham died on November 21, 1911, at the ago of 
sixty-one yews, at his London residence, Harescoml*,, North wood, 
-Hnidlesex. He was a native of Durham, and his professional training 
was acquired at one of the largest collieries in that county. From 
there he went to Xorley Colliery, near Wigan, where be remained for 
a number of years. He next received the appointment of general 
manager of the collieries of the Barrow Hematite Steel Company at 
Worsboro lor some years he was consulting engineer for'the 
southern division of the North-Eastern Railway, and at the same 
tirnu he carried on a considerable private practice as a mining 
engineer. He went to Sheffield ten or twelve years ago, and started 
a private practice,is a mining and civil engineer. He was a member 
of the Institute of Civil Engineers, and was elected a member of the 
Iron and Steel Institute in 1898. 

iaro HN , ^‘ Crixt;M,li * 1 nt Santo ”, Cottage. Scunthorpe, on March 26, 
Jan JS° *** ° f upsmrf. of thirty years ho was 

^ nmnager of the Appleby Iron Company Limited, of Sei.n- 

T inrnln ^ " P ron ‘ ,neIlt P«* >n the development of the 

Iron ^ -T ln ’ 1 , U8tr - V ’ “ nd WMa meluber the Lincolnshire 

sS^”.. A rr«T”' H * ~ d,ctoi • «™ “■> 

Or'It t^mn T E T M ‘ L * RES ' M - A • M.P., died at his residence. 

Great Comp, Borough Green, Kent, where he l.nd been staying pre¬ 
paratory to journeying to Switzerland for the sake of his health 

£ dfETfcfT 2 n 19n - t ; 1 ,le — u,. j 

hi. third d-ught., ot tb. 1 .„. ,Li, B^hcSPifi 

of John Bright. He was a half brother of the late Lord 

and brother of Lord Aberconwav. He was w ♦’ 

M, r i. auitw.. .»d 

graduated as a Muster of Arte in 1873.' In association wi^ S r 
Swire Smith he commenced business j n Keighlev u l I 

spinner, in the firm of Smith & M’Laren hnt .' as ^ worsted 

partnership in 1890. During his association wbl If • n" 1 t !*° 
dispUyed considerable interest in educational matters anThi/'firm 
Us,k an active part in affording special faciS 8 S the 
hands employed for attending evening classes in the town ' ^ 

His father’s association with politics and his • . 

political matters, and. in particular, her active advor ** ■ m 

of Woman’s Suffrage, early directed his mind into the « m Ilk? ^T* 
He joined the Men’s League for Womans Suffrage" at whkh he 
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eventually become u vice-president. He was an advanced Liberal 
and a strong Free Trader. His first attempt to enter Parliament was 
in 1885, when, at the age of thirty-two, he unsuccessfully contested 
Inverness Burghs. The following year be was elected for Crewe, 
which he represented until 1895, when the Hon. H. A. Ward captured 
the seat for the Unionists. Mr. James Tomkinson regained it for 
the Liberal Party in 1900, and on his death in April 1910, Mr. 
M'Laren was elected by a large majority. In December of the same 
year he was re-elected by an increased majority. 

As an employer Mr. M'Laren was a firm believer in conciliation in 
industrial disputes, and took rather a prominent part in the Miners’ 
Conciliation Buard when it was set up, and he was one of the 
coalownens who took part in the recent negotiations with the Govern 
ment and the miners which resulted in the Minimum Wage Act. 
Ilis health suffered indeed somewhat severely owing to his exertions 
as a representative of the employers during the recent coal strike, 
while his defence of the South Wales coalowners caused trouble 
among his supporters at Crewe, and ho was much distressed by the 
attacks which were made upon him. Standing, ns he did, for a great 
industrial constituency, containing a large number of exceptionally 
intelligent voters, Mr. M’Laren's policy on such matters as em¬ 
ployers' liability was often hotly discussed. He was opposed from 
the outset to the general principle of contracting-out. His personal 
popularity in Crewe was, however, unquestionable. He was a brilliant 
and impressive speaker, and possessed an engaging personality. 

He iuul a peculiarly wido connection with the iron, steel, and 
coal trades of Great Britain, and was on the board of a considerable 
number of com|uinies engaged in the manufacture of iron and steel, 
and was also on the board of the Madras Electric Railways (1904), 
Limited. Ho was a director of Bolckow, Vaughan >fc Company, 
Limited, and was also a director of the Dinningtou Main Coal Company, 
Limited; the Sheepbridge Co&l and Iron Company, Limited; the 
Tredegar Iron and Coal Company, Limited; the Maltbv Main 
Colliery Company, Limited ; the Oakdale Navigation Collieries, 
Limited ; the Dunderlnnd Iron Ore Company, Limited ; the Brecon 
aud Merthyr-Tydfil Junction Railway Company; the Cleveland 
.Salt Company, Limited; the Soria Mining Company, Limited; 
the Electric Construction Company, Limited ; James Dunlop & 
Company, Limited ; the Madras Electric Railways (1904), Limited; 
the North American Lund and Timber Company, Limited ; and the 
National General Insurance Company, Limited. 

He was a member of the Society of Friends. He was elected a 
member of the Iron and Steel Institute in 1898. 

Mr. M'Laren mnrried, in April 1883, Eva, the youngest daughter 
of Mr. William Muller, of Hillside, Shenley, Herts, and Valparaiso, 
Chile. His wife was well known for her work for the Liberal 
Party. 

William Gbegoky Nob his died'on November 11 , 1911. He was 
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bora at Goalbrookdnle in 1829, being the only surviving son of the 
lute William Norris. He entered the service of the Coalbrookrlnle 
Company in 1848, and was made guneral manager in 1868. In 1881 
he was made managing director, and remained a director of the 
Company until the close of his life. It may be of interest to recall 
the fact that some of the earliest wrought-iron boiler plates used in 
shipbuilding were made by the Coalbrookdale Company, and rolls 
were cut by hand about the year 1850 for rolling chequered plates, 
nnd samples of these were exhibited in the 1851 Exhibition in 
London. Mr. Norris always took a keen interest in all these early 
enterprises. For many years he had devoted his very extensive legal 
and business knowledge to helping in a most efficient manner all 
public or philanthropic work of the district and county, and he was 
especially interested in all educational matters and gave most liberally 
of his time and money to the support and help of local institutions. 
He was an original member of the Iron and Steel Institute. 


General Salvador 1>uz Ordonez 1 died on October 14, 1911, from 
injuries received during the battle of Izmarufen, in Morocco. He 
was bora in Oviedo on March 15. 1845. In December 1859 he 
eutered the Military College at Segovia, and on the completion of 
his studies, in January 1806, he was appointed first lieutenant of 
artillery. He served in several regiments and distinguished him¬ 
self during the Carlist Civil War, from 1872 to 1876, being 
honoured with various distinctions on account of his brilliant 
services. In 1879 he received an appointment at the Roval 
Ordnance Works at Trubia, where he remained for five years, 
until his promotion in 1884 to the rnnk of major. During the 
time he was at Trubia he was in charge of the Gun Factor v] nnd 
devoted his time to the study of explosives and to the construction of 
guns. In 1881 be designed a 15-centimetre cast-iron tube gun, of 
which a large number were made at Trubia for various fortifications 
in Spain. He returned to Trubia in 1887 nnd continued his work in 
the development of new types of coast guns and Howitzers of 21, 24, 
and 30 centimetres calibre. These new guns were also of cast iron’, 
fitted with steel tubes. In 1890 he advanced to the rank of 
lieutenant-colonel and remained at Trubia until April 1895, when, 
at his special request, he was ordered to Cuba. There he saw much 
active service and was also employed in various commissions of a 
technical nature. In 1897 he became colonel, and in the war with 
the United States he commanded the Artillery at Santiago di Cuba, 
where he was wounded on July 1 , 1898. In consequence of his dis¬ 
tinguished conduct on the battlefield, he was promoted to the rank of 
bngiuher-general and on his return to Spain he was placed in com¬ 
mand of the Artillery in several military districts, notably in Mailrid. 
He was also appointed President of the Technical Committee of 
Artillery nnd held the command of the fortress of Jaca. At the 
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same time he was closely occupied with hi* technical studies, work¬ 
ing out calculation* for a new 24-centimetre gun, L.45, and a new 
Howitzer of the same calibre. The latter has recently been approved 
after prolonged and severe trials. In 1908 he was promoted to the 
rank of major-general and was ap|s>inte<l Military Governor of Car¬ 
tagena. In May 1910 he obtained thecommand of the Division which 
was centred in Melilla, in Morocco, and from the commencement of 
hostilities, in September 1911, he was at the front. On the 12th of 
that month he commanded his troops with conspicuous success in the 
engagement of Izmorufen, in which the Moors lost heavily. He 
occupied the positions at Izhafen and Izmarufen. He wits just nlwut 
to mount his horse for the purpose of paying a visit of inspection to 
this latter place, on October 14, when he was twice fatally wotinded 
in the breast. General Ordonez was au exceptionally learned man, 
a hard worker, and extraordinarily devoted to the study of everything 
connected with Artillery. He was of an exceedingly modest dis- 
jMJsition, working without thought of personal reward but only for the 
benefit of his country. General Ordonez was never married, and is 
survived by his two brothers, still liviug at Oviedo. He was elected 
a member of the Iron and Steel Institute in 1887, and it will be 
within the recollection of members that he attended the Autumn 
Meeting of the Institute held at Buxton in September 1910 under the 
presidency of the Duke of Devonshire. 

Floris Osmond died on June 18, 1912, at liis residence at Saint- 
I>eu, in the Itopurtment of Seine-et-Oise, France, at the ago of sixty- 
three years. By his death the Institute has to deplore the loss of one 
of its most distinguished members; a scientist whose brilliant attain, 
inents and valuable contributions to metallurgy had won for him 
wide and ungrudging recognition. Although it was to the late 
Dr. Sorby that the introduction of metallogruphic methods for 
the examination of the structure of metals was, in the first place, 
due, it is to Mr. Osmond that the widespread application of these 
methods of investigation belongs. 

He was born in Paris in 1849 nnd, during his graduate course at 
the Eoole Centrale des Arts et Manufactures, he was a pupil of 
Professor Jordan, from whom he derived his subsequent devotion to 
metallurgical studies. On leaving the Rcole Centrale, he entered tire 
machine shops of the Fives Lille Company, and subsequently he was 
employed by the C'ompagnie Denaiu et Anzin at a period when tho 
works were undergoing reconstruction and enlargement, by the 
addition of plant for the manufacture of steel, both by tho Bessemer 
ami tho open-hearth processes. Air. Osmond was thus enabled to 
acquire an intimate acquaintance with the details of the manufacture 
of iron and steel, and, on leaving these works, ho went in 1880 to 
Le Creusot, where he became a member of the metallurgical staff. 

Early in 1886, Professor H. Le Cbatelier had perfected the thermo¬ 
electric pyrometer associated with his name, and had thus contributed 
a most valuable instrument of research. In that year, Air. Osmond, 
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availing himself of the accurate means for measuring temperature 
thus furnished, emhorked on an investigation of the deviations which 
had been observed in the temperature curves of iron and steel on 
heating and cooling. That these evolutions and absorptions of heat 
were the manifestations of a molecular change had been foreshadowed 
us far back as 1868 by Tschernolf, while in the following year the 

C henomena were described before the Koyal Society by G. Gore, and 
iter by Barrett, who was the first to explain their cause, und by 
Tate, Moissan, Brinell, and other observers. It was, however, 
reserved for Mr. Osmond to throw further light on the nature of the 
phenomena, and the accurate study of wbat have since been known us 
the criticu] points of iron and steel may be said to date from the time 
that he published his first paper on “The Phenomena which occur 
during the Heating and Cooling of Cast Steel.” 1 This was followed 
np by a paper published in 1887 on “The Transformations of Iron 
and Carbon.” 5 Iu 1890 be became a member of the Iron and Steel 
Institute, and at the May meeting in London that your ho contributed 
his first paper to the Proceedings, entitled “ On the Critical Points of 
Iron and Steel.” 

It was, however, in connection with the application of the micro- 
seojie to the examination of the structure of iron and steel and to the 
perfection of methods of preparing, polishing, and etching the sections, 
that Mr. Osmond’s minute and painstaking investigations were chiefly 
directed. To Dr. Sorby must be given the credit for first employing 
the microscope for this purpose, while Professor Martens was the 
first to develop microscopical examination along the lines suggested. 
To Mr. Osmond, however, belong the credit of having further elabor¬ 
ated the methods of investigation and of having deduced from his 
observations a theory capable of adequately explaining the changes 
of structure observed during heat treatment. He was the founder of 
the allotropic theory of the transformations of iron, anti, in view of 
the controversies to which that theory has from time to time given 
rise, it is of interest to note that, in a letter written as recently as 
April 18 in the present year, he states that his opinious in regard to 
this theory renfained unaltered. 

In the course of his researches on the microstructure of steel, he 
discovered several new constituents: Martensite, of the existence of 
which he was firmly convinced, and Austenite; he also recognised and 
named the two transition products. Sorbite and Troostite. 1 

Mr. Osmond’s work received widespread recognition, and he was 
the recipient of many honours. He was a wan led monetary prixos by 
the Societe d’Encouragement pour 1*Industrie Nationale in 1888 and 
in 1895. In 1897 he was awarded the Lavoisier Medal, and in 1898 
he was elected an Honorary Member of the American Institute of 

1 Cjmfta A’enJnt, vot. ciii pp. 743. 

a •• Transform in'ms i!u fer et da atrbaae dam les fer», la odea.« fcs fames blanche*," 
Mi mairer dt f ArtzlUrif Jr la Marine, ml xv_ p. 573 . 

» The term Satiate was. boW«er. first used by Howe \MtUUnrrt ef Steel D. 161) to 
distinguish certain ruby-red crystals isolated by Ur. Sorby from cast iron ’ 
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Mining Engineers. In 1906 ho received the Bessemer Gold Medal 
of the Iron and Steel Institnte, although unfortunately his health 
was then failing, and he was not able to attend in person on the 
occasion, the medal being handed, on his belutlf, to the Count de 
Lastours, representing the French Ambassador, by whom it was 
transmitted to its recipient. At the Summer Meeting of the Institute 
in that year, he contributed, in collaboration with Mr. G. Cnrtnnd, 
the third and last paper which he wrote for the Proceedings of the 
Iron and Steel Institute, on the “ Crystallography of Iron,” and he 
continued until quite recently to take part, from time to time, in the 
correspondence on papers dealing with the iron carbon theory, and to 
evince his continued interest in the work of the Institute. 

He was interred privately on Monday, .Tune 24, at the Cemetery of 
Tavemy, Seine-et-Oiae. 

Jons Pattissos died on March 28, 1912, at the age of eighty-four. 
He was born in 1828 at Alston in Cumberland und educated at the 
Grammar School there. He received his early training at the Felling 
Chemical Works, Newcastle, wheiti the Pattinson process of desil- 
verising lead was carried on. After some years he entered the 
laboratory of Messrs. Bell Bros., Middlesbrough. In 1858 he retur ned 
to Newcastle, where he became an analytical and consulting chemist. 
He was appointed Food Analyst for Newcastle, and, under the Food 
and Drugs Act of 1875, liecame Public Analyst for the county of 
Northumberland and several other local authorities. He was Vice- 
President and an original Fellow of the Chemical Society, and 
Vice-President of the Society of Public Analysts. Ho was ono of the 
founders in 1868 of the Newcastle Chemical Society, which, chiefly at 
his instigation, was merged in 1882 in the Society of Chemical 
Industry, of which he was an original membor. He was also an 
original member of tho Iron and Steel Institute, and contributed 
several important papers to the transactions. 

Toomab Purvis Reay died suddenly on February 22. 1912. at his 
residence, Weetwood Lodge, Fur Heading ley, Yorks. He was born in 
October 1844, and served during six years, from 1859 to 1865, as a 
pupil in the works of Messrs. Kitson & Ca, Limited, Airedale 
Foundry, Leeds. During the nine following years, from 1866 to 1875, 
he served with that firm in the designing of locomotive, tramway, and 
water-works engines; machinery for the manufacture of iron und 
steel, in connection with blast-furnaces and forges; winding and 
hauling-engines for collieries; hydraulic machinery for cranes, and 
so forth. For eight years, from 1876 to 1884, he acted as works 
manager, and supervised the construction of the same class of 
machinery. Ten years later, in 1885, he became a partner. When, 
in 1900, the concern was turned into a limited liability company, Mr. 
Ueay became tho managing director, and on the death of tho late 
Lord Airedale he succeeded him as chairman of the company. 

1912.—L 2D 
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He was a member of the Institution of Civil Engineers, and a 
member of Council of the Institution of Mechanical Engineers. He 
was elected a member of the Iron and Steel Institute in 1882. 

The Chevalier Cecil de Schwarz died on January 12, 1912. He 
was born near Vienna and belonged to an old Austrian family. He 
studied at the Poly technical College, Vienna, and at the Impel ini 
Academy for Mining Engineers at Looben in Styria. He wub then 
appointed engineer at some iron and steel works in Austria belonging 
to his family and founded by his great-grandfather at the end of the 
eighteenth century. Later on he hecame manager of a German iron¬ 
works. In 1881 he was engaged by the Government of India to 
report on the financial prospects of iron working an modern principles 
in that country. His reports on the subject were published in the 
Official (Jazctte of Imlia on August 5, 1882. He then erected blast¬ 
furnaces and foundries in India, trained the natives for the work, and 
managed the works for the Government for a period of about eight 
years, after which they became the property of a private company. 
He then returned to Europe, where he commenced practice at Lit!ge 
as a consulting engineer. He was a constant contributor to the pro¬ 
ceedings of the Institute, to which he presented the following jiapers; 
“On the Utilisation of Blast-furnace Slag” 1 ; “ On Portland Cement 
Manufacture from Blast-furnace Slag" 4 ; “On the Use of Oxygen in 
removing Blast-furnace Obstructions" s ; and “On the Briquetting 
of Iron Ores."* He was elected a member of the Iron and Steel 
Institute in 1890. 

Herbert Arthcr Swas died on December 13, 1911. He was bend 
of the firm of Messrs. Swan Brothers of Middlesbrough. He was 
elected a member of tbo Iron and Steel Institute in 1873. During 
the visit of the Institute to Middlesbrough in 1908 he served on the 
Local Reception Committee. 


Robert Sykes of Stalybridge died in February 1912, at the age 
of eighty three. He was bom at Milnsbridge, in Yorkshire, which 
place he left for Stockport over fifty yoarR ago, commencing business 
there as an ironmonger with his brother, Mr. Ellis Sykes. Sub¬ 
sequently he went to Stalybridge, where he commenced business on 
his own account tinder the name of R. Sykes * Sons, Limited, lie 
was elected a member of the Iron and Steel Institute in 1881. 


Johx Tcrtox died on January 25. 1912, at his residence, Hill 
Turrets, Parkhead, Sheffield. He was bom in 1843, and commenced 
his business career early in life with Messrs. John Charles A- SonB, at 
that tino the proprietors of The Kellmm Rolling Mills Sheffield. In 
1868 he acquired the Vulcan Rolling Mills, which he .apidlv developed 


i J ,'T “ ni l?" 0 - K* I.. *n<l IKS, No. I. 

» Ihd . I9U3. No. 1. iHd,. 19U8. No. t. • Ihd ., 1'JIO. No, II. 
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and extended, at a later date taking his three sons into partnership, 
lie was well known in Sheffield and other business circles, but took no 
prominent part in local public matters. He was elected a member of 
the Iron and Steel Institute in 1883. 

James White died suddenly on January 29, 1912. He was 
managing director of Thos. Allan A Sons, Limited, Bon Lea Foundry, 
Thornnby-on-Tees. He was about sixty yeurs of age, and took over 
the management of the Bon Lea Foundry fifteen years ago. He 
formerly carried on an extensive business as a pipe manufacturer in 
Glasgow. He was elected a member of the Iron and Steel Institute 
in, 1908, when he served as a member of the Local Reception Com¬ 
mittee during the visit of the Institute to Middlesbrough. 
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Title. 
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Alexander, W.: "Column*and Struts. Theory and Practical 
Design, with Examples worked out." 8 * 0 , 267 pp. 
London. 1912. 

Bauer. O., and Deisa. E.: •• Probenabroc untl Analyse von 
Eiseo untl Stahl, Hand- und Hllfsbuch fur EisenhUtten- 
Laboratories." 8 *o, pp. 258. with 128 figures in text. 
Berlin. 1912. 

Relate w. N. T.: “ Damast, seine Struktur und Eigen sc haf- 
ten.” (Soodrrdruck a us SltUllurvit, viiL Jahrganc 
Heft 22.1 4to. pp. 6. “ 

Birmingham Metallurgical Society: Pncttdimgi, vot iv.. 

Session 101*9-1911. 8 vo. pp. 163. 

Board of Trade: "Iron and Steel. 1910.” I'cap. folio, on. 

71. Loodoo. 1011. ^ 

Board of Trade: "Foreign Import Duties, 19U.” 8 vo, no 
1135. London. 191L 

Hr ear ley. Harty. " The Heat Treatment of Tool Steel.” 

8 vo. pp. 180. London. 191L 

Canada. Department of Mines. Geological Survey Branch: 

" Report of the Commission appointed to investigate 
Turtle Mountain, Frank, Alberta." 8 vo. pp. 84. Ottawa- 
1912. 

Canada, Department of Mine*, Mines Branch: Bulletin No. 7 
••Western Portion of Tor brook Iron Ore Deposits'. 
Annapotis County, Nova Scotia." By Ho*ells Fnkhelte. 
8 vo. pp. 13. Ottawa. 1912. 

Canada. Department of Mines. Mines Branch: "Report 
on tb* Gypsum Deposits of tbe Maritime Provinces." 
By William F. Jennison. Hvo, pp. 171. Ottawa. 

1911. 

Canada. Department of Mines, Mines Branch: Report 
No. 80. " An Investigation of the Coals of Canada, with 
Reference to their Economic Qualities: as Conducted at 
McGill University, Montreal, under the Authority of the 
Dominion Government. In six volumes. Bv J. B.’ Porter 
and R. J. Durley. assisted by T. C. Denis and E. Stans- 
fiehb VoL i. Bvo, pp. 343; vol ii pp. 189 . Ottawa. 

1912. 

Canada. Department of Mines. Mines Branch : “ ft-non 
tbe Molybdenum Ores of Canada." By T. L. Walker 

8 vo, pp. 64. Ottawa. 101L 

Canada, Deportment of Mines. Mines Branch: “Annual 
Report on the Mineral Production of Canada during the 
Calendar Year 1910." by John McLetsh. 8 vo pp. 328 
Ottawa. 1912. W 

Canada. Department of Mines. Mines Branch: "The Pro¬ 
duction of Coal and Coke in Canada during the Calendar 
Year 1910." By John McLeish. thro, pp. 31. Ottawa. 
1911. 

E.4F.N. Spon. Ltd. 

The Authors. 

The Author. 

The Hon. Secretaries. 

Tbe Board of Trade. 

Board of Trade. 

The Author. 

The Director of Mines. 

Tbe Director of Mines. 

The Director of Mines- 

Tbe Director of Mines. 

Tbe Director of Mines. 

The Director of Mines. 

The Director of Mines. 
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Canada. Department of Mines, Mines Branch: •• A General 
Summary of the Mineral I'rodticiitm of Canada during 
the Calendar Year 1910." By John Mcl-eish, 8vo, pp. 37. 
Ottawa. 1U1L 

Canada. Department of Mines, Mines Branch: "The Pro¬ 
duction of Iron and Steel in Canada during the Calendar 
Year 1910.” By John McLeuh. Bvo, pp. 38. Ottawa. 

1 U1I. 

Caret da. Department of Mines. Mines Branch: “ The Pro¬ 
duction of Cement. Lime. Clay Products. Stone and 
other Building Materials in Canada during the Calendar 
Year 1910." By John McLeish- Bvo, pp. 60. Ottawa. 

1911. 

Canada. Department of Mines, Mines Branch: " Preliminary 
Kepart on the Mineral Production of Canada daring the 
Calendar Year 1911.” Bv John McLcish. Bvo. pp. 21. 

Ottawa. 1012. 

Carter. Walter: " Development and Use of the New High¬ 
speed Steels." (Reprint from the Procttdimgi of <h* 
Birmingham A not. iation of Mttkanitml Engineen, 1910.1 

Bvo, pp. 30. 

Curtis Gardner A Ca, Ltd.: “ IT»e Coming of Petroleum." 
Large Bvo, pp. 63. 

Dielil. L. H.: " Neutral Coke." The Diehl-Faber Process 
far the Strengthening. Hardening, and Neutralising of 
Coke, and the Superiority of "Neutral Coke” for the 
Production of Iron Low in Sulphur. British Patent, 
No. 6622. AD. 1910. Bvo. pp. 16. 

Douglas. James : " Sir David Dale : Ironmaster. Conciliator, 
Arbitrator." (From the Enginttnng Uagaxint, voL iliii. 
No. 2, May 1912.1 Bvo. pp. 13 

Doutcur, Mathieu : *' Nouveautc en Metallurgies' Bro, 
pp. 69. Paris. 1912. 

Dudley, C. B.: Memorial Volume Commemorative of the 
Life and Work of Charles Beniamin Dudley." 8vo, pp. 
209. Philadelphia. 

Engineering Standards Committee: Report 24. " British 
Standards Specifications for Material used in the Con¬ 
struction of Railway Rolling Stock." Folio, pp. 78. 
Revised. London, lull. 

Engineering Standards Committee: Report 66. *' British 
Standard Definitions of Yield-point and Elastic Limit.” 
Folio, pp. 2. London. 1911. 

Engineering Standards Committee: Report 67. " Report an 
Btitith Standard Heads for Small Screws." Folio, pp. 8. 
I-ondoo. 1911. 

Engineering Standards Committee : '* British Engineering 
Standards Coded Lists." Vol. vi. Material used in the 
Construction of Railways. Folio, pp. 666. London. 

_ 191L 

Frits, John: Autobiography. Bvo. pp. 336. 2nd Edition. 
New Yort 1911 

GkdhJO, 1, M.: •* The Practical Use of Highspeed Tool 
Steel." (Elswick Engineers and Foremen's Association. 1 
Bvo. pp. 79. 

Gordon. W.. and Gulliver, G. H.: " The Iniiucnce of 
the Ratio of Width to Thickness upon the Apparent 
Strengih and Ductility of Flat Test-bars of Mild Steel.” 
(Transaction! of the Royal Socitty of Edinburgh, 
*oL xlvui,, Part I., No. 10.) 4ta Edinburgh. 
1012 . 

The Director cl Mines. 

The Director of Mines. 

The Director of Mines. 

The Director of Mines. 

The Author. 

Curtis Gardner & Co.. 
Ltd. 

The Author. 

The Author, 

Moil Scicnlifigut ct 
Ind ii.itriel. 

American Society for 
Testing Materials. 

The Committee. 

The Committee. 

The Committee. 

The Committee. 

The Autbut. 

The Author. 

The Authors. 
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Gouvv, Alexandre: " Utilisation rationnelle des gar des 
hauls fotirneaux, et des (ours & coke dans les nsraes 
iniulturgiqucs." (Exiron de la Bulletin ft Cj mftei 
Kendal Mtn satis de U SociiU de Tludustrie Mini rale, 
March 1912.) 8 * 0 , pp. 32 Saint Etienne. 

Guertler. W.: " Metalkigraphie." Enter Band. Heft 1-9. 

“ Die Konstttutlon." 4to. Berlin. 11W9-19U. 

Hatfield, W. H. : •* Cast Iron in the Eight of Recent 
Research." 8 vo, pp. 249. with frontispiece and 184 
illustrations. London. 1912* 

Hioeth, Albert: “ Design of a SO-ton Induction Electric 
Furnace." (From the Trmartiami of the A merit an 
Rleetre-Chemital Sodfty, voL as. 1911.) 8 ro. pp. 22. 

Hiorth, Albert: " Some Remarks on Iron Smelting." 8 »o, 
pp. 87. Kristian la, 1912 

Hoffmann. Frits: “ ( ter die Darstellung und Umwandlung 
von Atom-bew. Molekular-prorenten und Gcwichtspro- 
renten in multiplen Systemen." |Sooderdruck aus Mital- 
Inrfie, lx. Jahtgang. Heft A) 8 vo, pp. 10. 

Home Office: ’’ Mines and Quarries. General Report and 
Statistics for 1910." Part III.. “ Oatput,” by trie Chief 
Inspector of Mines, l eap, folio, pp. 30L London 1911. 

Hooper. Edward : " Presidential Address before the Instito- 
tiun of Mining and Metallurgy. Session 1912-1913." 
8 vo, pp. 14. 

India. Patent Office : Inventions and Designs in 1911. 6 vo, 
pp. 2*10. Calcutta. 1912 

Inttmatusnale leitickrift far Mttalhfrafkle, Band 1., Hell 
1-6; Band IE. No. 1 4to. Berlin. 1911. 

Kooigl. Technische Hochschule su Breslau: “Ueber den 
Kintlusa des Glessens auf die Qoalital von FiusseUen- 
Beam men." Dissertation ntr Erlangung der Wiirde eines 
Doktor-Ingenious run DipL-Ing. C. Canaris. 8 vo. pp. 
90. Dusseldnrf. 1911 

KonigL Technische Hochschule ru Breslan: " Das Asphall- 
kalkgcbtet des Pescaratales am Nonlabhange der Majella 
(Abrauenl . 1 Dissertation rut Erlangung der Wttnle 
eincs Doktor-Ingenicurs van Georg. Thiel 8 vo, pp. 36. 
Berlin. 1912 

KiMigl. Technische Hochschule ru BresUu : Beitmge rur 
Verhilttungscbwefelhaltiger Kiesabbratule itu Hochofen." 
Dissertation rur Erlangung der Wnrde eines Iloktor- 
ingeuieurs von Dipl-lng. Erdmann Schulx. 8 vo, pp. 
17 Dttsseldcrf. 1912 

KonigL Technische Hochsc h ule su Breslau : " Das Ltutandv 
diagramm Schaefeleisen-Eisen." Dissertation rur Erlan¬ 
gung der Wttrde eines Doktor-lngenteun von E. Becker. 
Large 8 vo, pp. 90. Dtlsseldorf. 1912 

Kuolgl. Sachs. Technische Hochschule nt Dresden : “Metal, 
lurgische und technotogiscbc Studirn auf dem Grbsete der 
Legierungt-Industrie msbesondere fiber das AusglQnen 
von Metallcn und l-eglerungen." Dissertation rur- 
gelegt von Dipl-lng. Mas Weuhg. Large 8 vo, pp. 12 ) 
mit64 Figurni. ' Berlin. 1911. 

Lester. Isaac E.: ** Indian Iron." (Presidential Address 
before the Staffordshire Iron and Steel Institute, Dudley, 
September 30. 1911.) 8 vo. pp. 30. Stuurbttdge. 1912 

Louis. Henry: ” Lecture on Magnetic Concentration of Iron 
Ores." (Reprinted from the Journal nf the U esl of 
ScotlandIrenandSteelInstitute.) Bvo, pp. 40. Glasgow. 
1912 
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The Author. 
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Maginnis. James P.: " Notes on Bronte Pumps in the 
British Museum.' (Excerpt, XtinuUi of Proceeding} of 
the Institution of Mechanical Engineers. April 1911. • 
8to. pp. 4. 

Mcwes, Rudolf: “ Theorie und Praxis der Grossgas-industrie. 
Bd. 1, Halite L " Geschichtliche Emwicklung der 
Prinxipien der Mechanik und Physilt. Crundgesetre der 
Therm odynamik.” 8vo, pp. 403. Illustrated. Lctpug. 

1910. 

Mvsore Geological Department: Records, voL xL Bvo, pp. 

189. 

Mysore Geological Department: "Report of the Chief 
Inspector of Mines for the Year 1909-1910, with Statistics 
for the Calendar Year 1900." Fcap. folio, pp. 40. 

Madras. 1913. 

National Physical Laboratory: “ Collected Researches." 

Vol. viii. 4to. Dp. 261. Tedding loo. 1912. 

National Physical Laboratory: " Report for the Year 191L" 
Large 8ro. pp. 103. Teddington. 1913. 

New South Wales, Department of Mines: “ Mineral Re¬ 
sources, No. 14. "The Tin Mining Industry and the 
Distribution of Tin Ores in New South Wales.” By 
J. E. Came. 8vo. pp. 378. Sydney. 1911. 

New South Wales, Deportment of Mines: "Annual Report 
for the Year 1911." Fcap. folio, pp. 219. Sydney. 1912. 
Patent Office, London: Abridgments of Specifications, Class 
85, " Mining, Quarrying. 1 unnriling, and Well Sinking.” 
Period A.D. 1905-1908. 8*o, pp. 175. London. 1912- 
Pierres, Gaston de: "Zinc Oxide." (Proceedings of the 
Point and Vanish Society, No. 6, May 12, 1910.) 8*0, 

Pollen 8 Christopher: Minnesskrifk utgifven af Srenska 
Teknologforeningen. Large 8vu. pp. 293. Stockholm. 

1911. 

Prost, E.: " Cours de Mtkallurg.e dcs Mi'taux autres que le 
fer.” 8*o. pp. 888. Paris. 1912. 

Queensland Gcolngiral Surrey: Publication No. 231, "The 
Lower Palautnc Corals of Chillagoe and Clermont.” 
Part L By R. Etheridge, jon. 8vo. pp. 8, with 4 plates. 
Brisbane. 1911. 

Queensland Geological Surrey: Publication No. 335, 8vo, 
pp. 4fk Bristune. 1911. 

Richards, Joseph W.: " The Hlorth Electric Steel Furnace.” 
(From the Troniaetumi of the America* Electn-Chemua/ 
Society, vdl x»iii., 1910,) 8*o. pp. 11. 

Snow, W. B.: "Mechanical Draft: a Practical Treatise.” 
tho, pp. 385. London. 

Sociedad National de Mineral: " Estadlilica Minera de Chile 
en 1904 i 1905 enromendada a la Sociedad Nacional de 
Mindria por d *«preroo gobierno i llesada a cabo bajo la 
direction y vijilancia de la Sociedad por le injemero de 
mrnos Don Guillermo Yunge." Tome iL, 8»o, pp. 465; 
1906-1007. tome iii., 8»o, pp. 518; 1908-1909. tome i».. 
8*o. pp. 696. Santiago de Chile, 1907-1910. 

Union of South Africa, Mines Department: Geological 
Survey Memoir, No. 6, " The Geology of the Murchison 
Range and District.” By A. L. HalL 8vo, pp. 184. 
P re t oria. 1912. 

Union of South Africa, Mines Department: Annual Report 
of the Geological Survey. 1910." 4to.pp.111 Pretoria. 
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Verein deuueher Fascnhffitcnlemc : " Gemeinfasxlichc Dar- 
stellung del Eisenhatlenweseas.'' 8 Audage, 8vo. up. 
fOL LHisseldarf. 1912, 

Vaiin drutscher Ingenieure: ** Geschichte des Vereines 
dtutichci Ingeoieurc.” Nach hinterlasscnen Pupieren 
too Th. Peters. Im Auftrage des Vorstandcs Lerauigege- 
ben and bis 1910 verroilstandigt. Bvo, pp. 169. Berlln. 
1913. 

VVi-ftm, O. E. : *• Kealilalen, Abstraktionrn. Fingimmgen 
and Fiktioncn in der Theorettschen Mrchanik.” Ein 
Bcitrag rur Frier ilea 330 Jahrigen Gcdachtnisses der 
Geburt Christopher Palheiu, November 1911. ftvo, pp. 
56. Stockholm. 191 1. 

Wyoming. State Geologist's Office: Bulletin No. 2. Series 
B., " Geology and Mineral Resources of a Portion of 
Fremont County, Wyoming." By C. R. Jamivm. 8vo. 
pp. 90. Cheyenne. 1911. 

Ziegler. M.. •* Sor la crisiallisation du fer alpha." (Extruit 
de la Ktvut Je MHatlurgit. vol. eiii., No. 9. | 4to, pp. 18. 


Verein deutscher Etsen- 
htittenlcute, 

Verein deutscher In- 
gcnicurc. 


Svenska Teknolpgforcn- 
• ingen. 


State Geologise 


The Author. 


The following books have been purchased: — 

American Society for Testing Materials: “Proceedings of the Fourteenth .Annual 
Meeting, held at Atlantic City, New Jersey, June 27-July 1 . lull." Vol. XI. 
Philadelphia. 191L ’ 

.Austin, Leonard S.: “The Metallurgy of the Common Metals, Gold, Silver, Iron. 

Copper, Lead, and 7inc." l>cmy Svo. pp. 528. San Francisco 1911. 

Uayley, Thomas: “ A Pocket Book for Chemists. Chemical Manufacturers. Metallurgists. 
Dyers, Distillers. Brewers, Sugar Refiners. Photogiaphers, and Students. ' 32mo. 
pp. 567. London. 1910. 

Board of Trade : “ Coal Tables, 1910.” Fcap folio, pp. 61. 1 .on don. 1911. 

Board of Trade . “ Iron and Steel. 1910." Fcap folio, pp. 71. London 1911. 

Board of Trade: " Prices nf Expected Cool." Fcap folm. pp 17 . London. 1912. 
Birchen. W : “ Metallurgy." A Brief Outline of the Modem Processes for Extracting 
the More Important Metals" Authorised Trandaticn from the German. By 
William T. Hall and Carle R. Hayward. Demy 8 vo. First Edition. Pp 37L 
New A ork. 1911. r 

British Assodauon for thr Advancement of Science : “ Rerajn of the Eightieth Meeting 
of the Britiih Association foe tile .Advancement of Science, Portsmouth. 1911. 
8 * 0 . ppw 8»>4 f 90. Loodoo, 1912. 

Calvert. G. T. : ” The Manufacture of Sulphate of .Ammonia, •• Demy Svo. pp. 153. 

London. 1911. J 

Collins J. H.: “ Obiervatjpns oo the Wevt of bln eland Mining Region": being an 
L * r P 0,,u “'? Ecooemn Geology of the Region, and forming 
VoJ -* U m fthe * lU K *> il Geto&al Sank* a f CamwjU. Svo. 

pp 68 H. Plymouth. 1912. 77 

“ EneytJoptrdi* Bntannica." A dictionary of Am. Sciences. Literature, and General 
Information. Eleventh Edition. 29 volx. 4to. Cambridge 1910-1911 

•• Fowler s Mechanical Engineers' Pocket Bo.*. 1912." EditmTby William 1L Fowler. 

Fourteenth Annual Edition. Fcap. 8 vo. pp 685. Manchester 
Harder., Herman: “ ' Handteok on the Gas-Engine, comprising’ a Practical Treatise 
™ IntatuU t ombusuon Fmgmes." TransUted from tke G^man. and Edited by 
H. M. Huikuson. Demy 8vo, pp 317. Lncidon. 1911. 

IDrhord. ^ J- W- = " ThcMetallurgy of Sleei." VoL I, “ Metallurgy 

*gj K ,'^ ,X 5fli. VOL l " Treatment." by J. W. Hall, 8 vo. pp- 

HO To^" UlL*" M,De * '**’ VrTJn e™‘*‘ of Sections. 4to. pp. »■ 

Inte^m^Cjralo^^Scsattinc Li,era,me: Ninth .Annmsl Issue. “ C.. Physics-- 
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International Catalogue of Scientific Literature: Ninth Annual Issue. " D., Chemistry. 

8vo. pp. 90). London. 1911 „ 

International Catalogue of Scientific Literature: Ninth Annual Issue. " rl.. Geology. 
8vo. pp. S15 % London. 1911 

" tahrbuch der OstemHchitchen Berg-u..Huttenwerke. Maschtnen-tu-Meiallwarenfalm- 
ken,” Herausgcgehen von Rudolf Hand. 8vo, pp. 2D1C. Vienna. 1912. 

Low. Albert H.: -Technical Methods of Ore Analysis." Fifth Edition. DrmySvo. 

PP.3C1 New York. 1911. . ... 
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IRON ORES. 


CONTENTS. 


1. Occur!ence and Composition 
1L Iron Ore Mining . 

III. Mechanical Preparation 

IV. Metallurgical Preparation 



l.—OCCURRENCE AND COMPOSITION. 

Origin of Ore Deposits. — E. K. Soper 1 discusses the origin of 
ore deposits, and points out that the earliest contribution to the study 
of the subject was made in 1791 by Werner, the German geologist. 
Ore deposits, whatever their origin, may be divided into two great, 
classes: those formed contemporaneously with the rocks in which 
they occur, or syngenetie, and those formed subsequently to the rocks 
in which they are found, or epigenetic. Except for certain ores in 
igneous and sedimentary rocks, most ore bodies are regarded ns fall¬ 
ing into the second division. Water is a most important ore carrier, 
but different opinions exist regarding the source of water. Certain 
types of ore deposits are clearly the result of contact or regional meta¬ 
morphism, while others are due to Bolfataric action. Most of the 
larger and richer deposits^ whatever their origin, are only made work¬ 
able by some process of secondary enrichment. Thus, most ore de¬ 
posits ure the result of two or more concentrations from an original 
disseminated condition in the rocks. Lastly, there ore certain super¬ 
ficial deposits (including placers and stream deposits) which are 
derived from tho disintegration of veins in ritu. 

G. W. Miller* discusses the origin of metalliferous ores. 

Distribution of Iron Ore. —A. Selwyn-Brown * discusses the 
physical and chemical characteristics of the principal kinds of iron 
ores, their distribution in various parts of the world, and their 
relative nbundonce. The possibilities are particularly considered 
of the utilisation of minerals not at present being worked on a 


1 Enfinrering and Mining Journal, vot. xrii. pp. 8U7-y00,'tM7-9ttt. 
3 Mining and En gi n e e ri ng Warid, vol. XXXvi. pp. 51&-516. 

1 Engineering Magmine, no!, xlii. pp. 41 4<t. Vl^-23g. 
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commercial scale. In conclusion, a summary is given of the iron 
ore resource* of all the chief iron-producing countries of the world. 

Iron Ore in Qreat Britain.— Flegel * gives an account of the 
geological conditions, the occurrence, nnd composition of iron ores 
in Great Britain. Tables ore given showing the quantity of oro 
mined in the country in each year since 1873, and the imports of 
ore at the present time, with the countries whence imported. 

Iron Ore in France. —L. Davy* describes the iron ores of Anjou and 
of south-eastern Brittany. The area described is tliat situated between 
the Loire and the Vilaine. Irou-hearing minerals are found through¬ 
out this region in varying forms; in the eruptive locks, the outcrops 
of which have l>eeu investigated in the metnmorphie rocks of Peru, 
in the veins found in Haute Loudeuc, and in various sedimentary 
deposits. The minerals appear to have been used in Gallo-Roman 
times and, to a certain extent, during the Middle Ages, and as lately 
as 1831, Foumel placed on record the fact that in Normandy, 
Brittany, and Anjou alone there were forty-eight blast-furnaces in 
operation. Mining was generally carried on by open cast methods, 
although a few exceptions, such as the shafts at Ferriere-aux-Etnugs, 
occur. The iron industry of this district has slowly diminished, and 
in 1880 the last blast-furnace, which was situated at Tobago, near 
Redon, was dismantled. The following year, however, mining opera¬ 
tions were recommenced and carried on until 1892, when the com¬ 
petition with Spinish ore led to the operations being suspended. Of 
late, production has once again been undertaken, but the exhaustion 
of the surface deposits has led to a general recognition of the necessity 
of sinking shafts if the region is still to be regarded os a factor in the 
iron ore production of France. 

It is stated * that the old researches made in the centre of Franco 
at Awat-le-Luguet, in the Puy-de-Dome district have shown the exist¬ 
ence there of luemntite iron ore. Comparatively recently other 
researches have been carried out by the Commentry-Fourchambault 
Company, who were, however, compelled to abandon them, particu¬ 
larly in view of transport difficulties. More recent researches at that 
place have revealed the existence of a hiematite iron oro bod, having 
an area of 100 square feet and a length of several miles. 

Iron Ore in Germany. — K. Masting * gives a general account of 
the geology of the ore deposits of the principality of Waldeck. Haema¬ 
tite occurs on the Martenberg and in the Kellerwuld, oolitic iron ore 
is found in the Lias near Wethen, and manganiferous ore in the 
Permian limestone. Some account of the history of mining in the 
principality is also given. 

1 Ghuiamf, vol litii. 1801-1803. 
s Ktr-ut it MHallurgu, Ex traits, voL *iii. pp. 779-78a 
s F.mrimttriitf. vot ictn. p. 287. 

* Zntukri/tfar froktiuks (leoltgu, vol. six. pp. 3«1 377- 




432 


THE IRON AND STEEL INDUSTRIES. 


Iron Ore in Norway. —It is reported * that some iron ore deposits 
of considerable magnitude hare been discovered in the county of 
Bnmle, in the south of Norway. The lode has been traced for a 
distance of about three miles, with on average thickness of 2B feet, 
being covered in some places by nn apparently thin [layer of gneiss. 
Thu deposits consist of specular iron ore of good quality. The con¬ 
ditions for working these deposits arc exceptionally good, as they ore 
situated close to the port of Breviksstrnnd. 

A. Udhaug i describes the iron ore mines at Hydvaranger, Norway. 


Iron Ore in China. —T. T. Read* discusses the iron ore resources 
of China. Iron ore is the second mineral of importance, the coal 
resources being the more iin|>ortiiiit, ami it is pointed out that the 
security of the future of China as u mineral-producing nation may 
easily Is* appreciated since it is founded upon an abundant supply of 
both coal and iron, the two liases of industrial development. In some 
districts the simultaneous occurrence of coal and iron ore have led 
to the development of a native smelting industry, but while these 
deposits suffice for such methods, they are not suited to modern 
processes, and iron ores of still higher quality exist which liave not 
yet been developed because the ueceasary supply of coal does not exist 
near by. One of the principal iron ore regions is the I y ing-t'iug-ehoa 
district in Shansi. The iron ores arelimonite and hjematite, occurring 
in shales and sandstones of Carboniferous age. Usually they are in 
mnssea of no grout sire or in beds or flat veins. It follows, therefore, 
that no sufficient supply of uniform quality can be obtained from these 
deposits to form the basis of (dust-furnace work on a large scale. 
Suitable deposits are reported to bo found in the Honan province, 
and analyses of this ore from Tai Yaug show the following com¬ 
position : — 



«• 

II. 

Iron. 

Per Cent. 

D3D8 

Per Cent. 
45-S0 

Silica . . , , 

4 67 

1115 

Alumin.i .... 

3'46 

642 

Manganese dioxide . 

067 

051 

l-itne . . 

a *1 

5 AO 

Magnesia .... 

trace 

025 

Phosphoric anhydride 

or»7 

1444 

Sulphur .... 
Carbonic acid . 

01174 

9 37 

opte 

270 

W atcr .... 

*20 

75 0 


In limiting iron by the native methods, the ore, mined through shallow, 
round, or r«*ctangular shafts, is broken into small pieces and hand- 
sorted. At the smelting plant it is mixed with 50 per cent of ita 


> 

a 


i and Cm! Tmdei Krvirw, voi. Uxxjv. p. $4* * Ibid on 

Utm tk» American Institute of Mining Engineer* , 1912, pp. 315-343. 










IRON ORES. 


433 


volume of coal and packed into cylindrical crucibles, 5 inches in inner 
diameter and usually 45 indies high. From 250 to 275 of these 
crucibles are set upright in a rectangular furnace, about 12 feet by 
f> feet by 4 feet. Air fjHice is secured at the bottom by a layer of 
broken crucildes, over which is placed a layer of coal. Tho crucibles 
are set in place, with coal between them. The front side is closed, and 
the whole covered over with coal and allowed to bum by natural 
draught for three days. Tho crucibles are them removed and the 
contents taken out. This operation usually involves breaking tho 
bottom part of the crucible, which now contain* an irregular bloom of 
iron of very vuriable composition. The hloom is sold to makers of 
wrought iron, tho accompanying small pieces of iron are sold to 
makers of cast iron, and the coke is used in the manufacture of 
crucibles. The product is not pig iron in the ordinary sense of the 
word, as it contains very little carbon and is malleable. The bloom 
is worked into wrought iron by heating in a wood fire and hammer¬ 
ing down into a rectangular ingot, and the small piece* of iron an' 
mixed with coal, placed in crucibles and blown by band in a smaller 
furnace, the contents of several crucibles being subsequently poured 
into one, from which the final product is poured into moulds. From 
this product utensils of extraordinary thinness can be cast, ns tho iron 
contains os much as 5 to 7 per cent, of phosphorus, which has been 
taken up from the coal during tho reduction and remelting. It is not 
improbable that tho high phosphorus content of the Sliunsi coals has 
been the chief factor in the great development of this industry, ns it 
has afforded an easy means of securing the high phosphorus iron 
necessary in making thin tastings. The only modern steelworks in 
China arc those at Hanyang, where both blast-furnace and steel 
plant are located. The iron ores are obtained from Tn-Yeh, and are 
a good quality of htematito. An analysis is given below:— 


Per Cent. 
«OtoG2 


Irnn 



, wiot,: 

. 01)5 to 0-25 
. 0-05 to 0 12 


Sulphur . 
Silx-a 
Alumina. 
Manganese 
Copper . 


3 to 5 
1 to 2 
02 to 0 4 


005 to 0 35 


A description is given of the chief localities in which iron ore has so 
far been discovered in China, including Mukden, Shansi, Chili, Shan¬ 
tung, Kiaug-su, An-hwei, Upper Ho-nan. and Ssu-ch’uan. Although 
the knowledge of the iron ore resources of tho Chinese Empire is htill 
inadequate, it would appear, generally speaking, that ores are widely 
distributed throughout the Empire. A bibliography is appended. 

Iron Ore in the Philippines —W. D. Smith 1 and P. R. Fanning, 
in reporting on the mineral resources of the Philippine Islands, state 
that promising deposits of luematite have been found near Mambulao, 

' llureau erf Sortie*. Manila; Iron and Coal Trade) Review, voL lxniv. p. 49. 
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and on Caluinbayanga Island, whore the exposures are particularly con¬ 
spicuous. This island is situated some four miles west of tho town of 
Marohulao, in Luzon, the largest of the Philippine Islands. 11 lies at 
a point about 124 miles nearly due east of Manila, and may be reached 
overland in two or three days, or in three days by coastwise boat. 
The immediate urea is of moderate relief, and the hills to a great 
extent represent base levelling. Soil of a |tossihie thickness of 10 feet 
occurs generally over the area, except on the hematite, where, owing 
to the resistant nature, the soil is somewhat thinner, and is made up 
of softer hiemntite or limonite, mixed with innumerable lioulders of the 
harder hematite. The ore can be traced for a distance of about two 
miles, and on the surface, where revealed by true outcrops, the width 
varies up to 50 feet. Owing to the scarcity of true outcrops, it cannot 
at present be said that this is the average width, and in view of the 
mode of formation, the probability is that the outline of the deposit is 
quite irregular. 

The cjuality of the haunutite is shown by the following analyses of 
three samples:— 



L 

1 

>. 

Iran .... 
Phosphorus 

Sulphur . 

for Cent. 
5711 
o-ooi 

0 138 

PerCent. 

03119 

o-oon 

0070 

Per Cent, 
tone 
0008 
0007 


Other analyses have shown an iron content averaging 60 per ceut. 
The hematite is very compact and hard, and in appearance is very 
similar to the hard Lake Su|>erior ore, such as that from the Vennilioii 
Range, Minnesota. Some specular luematito in flat crystals is occa¬ 
sionally seen, and a small amount of magnetite is not infrequent. 

Iron Ore in Algeria. -Dussert 1 deals exhaustively with the iron 
ore de]>osits of Algeria. The discovery of many of the deposits dates 
hack to 1830; but although many concessions bad previously been 
granted, actual working was not. begun before 1865. The geology of 
the deposits is described in detail. Generally speaking, whore the ore 
occurs in veins, and whore it occurs in pockets, as the result of meta- 
somatic transformation of calcareous rings, its formation is prior to 
the oligocene, but later than the mid-eocene periods. Magnetite is 
one of the most important minerals met with in the Algerian subsoil, 
and forms almost entirely the oxidised portion of the deposits at Ain 
Bedma, while mixed with haematite it forms in the Bone district strati¬ 
fied masses of reddish mineral, which are both rich and pure. Below 
the surface the sesquioxide disappears, and the mineral becomes 
greyish, and may be regarded as a magnetite with calcareous gnnguo. 
In other regions the sands derived from the disintegration of the 

« Anntlei dti Afina, Series XI. vol. L pp. 6SM33, 135-256. 
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eruptive rocks of the region ere rich in titaniferous magnetite, end 
contain traces of tungsten. A little magnetic iron has been found in 
the Benisaf region, its formation being due to the action of lnbrndorite 
on haematite. Generally speaking, the bulk of the exported Algerian 
ores are either hematite or limonite, and in the production for 1910, 
which amounted to 1,101,109 tons, only 85,349 tons of magnetic ores 
and 3*518 tons of calcined siderose were included. Manganese is found 
in almost all the ores, but its proportion varies, and it is seldom suffi¬ 
ciently high to influence their value. The ores highest in manguuese 
are those from liar el Maden and Sebnhua, the percentages being fr55 
aDd 8 5 to 9 per cent, respectively. Pockets of ore have, however, 
been met with containing as much as 30 per cent, of manganese, and 
numerous outcrops of pyrolusite have been found in the department 
of Constantine. There is, however, no actual production of manganese 
ore in Algeria. The geology and topography of each of the principal 
regions are then considered separately and at length, analyses being 
given of the typical ores produced in each locality. In Oran the prin¬ 
cipal localities in which iron ore is found are Msirda, Beni Ouarsous, 
Benisaf, Oran Proper, and Ariew. The Benisaf ores are the most 
important. The fallowing analyses show respectively the richest ore 
and the poorest ore contained in this region: 


Analyti* of Ore* of lienitaf. 



Ore from 

Sidi Brahoni. 

Ore (turn 

Sidi Safi. 

Iron. 

Per Cent. 

m-8a> 

Per Cent. 
60*660 

Manganese «... 

1 080 

2070 

Alumina .... 

o-ftto 

1000 

Lime. 

0-200 

5160 

Magnesia .... 

traces 

0793 

Silica. 

8-000 

0-300 

Sulphur. 

o-oio 

0-203 

JMiosphuni- .... 

0-068 

0007 

PyHtn. 

nil 

0709 

Copper. 

nil 

trace* 


The other ores are of a character intermediate between these two 
extremes. In the department of Algiers the chief ore regions are the 
sea coast between Tones and Cherchell; Cheliff, Zaccars, Mitidjien 
Atlas district; and Kroshna. The ores of the department of Algiers 
are, generally speaking, lower in iron than those of Benisaf. In the 
department of Coustantine iron ores occur in Kabalie des harbors, at 
G'ollo, Filfila, and Edough, in the Bibans, and at Djebel Ouenza and 
the Djebel Bou Kadra. The ores ore mostly a mixture of hwmutite 
and limonite, and their percentage of iron is fairly regular. The 
mineral occurring at Bou Kadra is hn-matite, samples of which have 
been found to contain as much as 03 to 70 per cent, of iron. Some of 
the deposits are, however, high in sulphur. 
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Iron Ore in South Africa. — Til the first interim report on the 
mining industry of South Africa * which lias been issued since the 
inauguration of the Union, it is stated that claims have been pegged on 
huge masses of iron on* associated with norite in the Tngela Valley, » 
few miles from Middle Drift, Their position, far removed from railways 
uud in rough country, is against their development, but the immense 
siie of the deposits and the character of the ore as indicated by a 
few analyses wliioli are available, make it desirable tluit the deposits 
should be properly examined and their character placed on record. 
The following are analyses of surface samples from the deposit:— 


No. I. No. 2. 


Per Cent. Per Cent. 
'.HI 231H 

0433 4G8» 

9 HO 7-62 


Ferrous oxide 
Ferric oxide 
Titanic oxide 


The question of an iron industry in Natal presents very much the 
same features ns exist in the Transvaal. Numerous deposits are 
scattered over the country, many of which on cursory examination 
give erroneous impressions of large masses of mineral, but some 
of which, no doubt, contain large quantities of iron ore of medium 
quality. There is no present prospect of producing large quantities 
of iron and steel at a prufit, but from time to time small quantities of 
tlio better-class ores will be worked where exceptional facilities permit, 
and some of tlio numerous oxides will continue to be employed in the 
point and other local industries. 

Iron Ore in Canada.—H. Frechette* describes the western portion 
of the Torbrook iron ore deposits in Annapolis County, Nova Scotia. 
These deposits are situated on the south-eastern side of the Annapolis 
Valley. The ore-bearing district extends south-westward from the 
line between King’s and Annapolis counties, for a distance of about 
five miles, and is slightly over a mile in width. There are two parallel 
xonesof ore, distant about one mile Trom one nnother, one of which is 
ou the north side, the other on the south side of the area which 
is locally known as “ South Mountain." Both on South Mountain and 
ou the north side, numerous pits have been dug thus exposing the ore 
which is in bods conformable with the slates and quartzites in which 
they occur. The northernmost bed, known as the “ Leckie bed ” is of 
a hard hematite which is slightly magnetic. About 100 feet 'south¬ 
east of this is a bed of fosaOifenxu magnetite, known n* the *• Shell " 
bed. On South Mountain only one bod i* ..eon. The ore in most 
part-, of this bed is a low-grade magnetite, highly siliceous, and of a 
waxy lustre. > uiy few fossils are to be seen in it. 
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The following analyses show the character of the ore on South 
Mountain :— 



Pm- Cent 

Per Cent 

Per Cent. 

Per Cent. 

Iron . 

4700 

49-51 

64 53 

45 62 

Alumina .... 

3-70 

r. 4« 

250 

4 93 

Lime ..... 

■If* 

215 

0 95 

4 16 

Magnesia .... 

046 

0-90 

0 43 

0 43 

Phosphorus .... 

1 39 

0746 

IDO 

1 44 

Sulphur .... 

04161 

OlKKI 

0-008 

001 

Silica . v . 

20 IS) 

1966 

1268 

22 16 


In moist cases the ore is low in iron, anil highly siliceous. The 
bed is made up of alternate narrow hands of ore and slate. The 
widest of these ore bands seldom attains a thickness of more than 
5 feet. The aggregate thickness of ore averages about 8 feet 4 inches 
in a total thickness of 18 feet 10 inches. Owing to the low-grade 
character of the ore ond the difficulties of transportation, the South 
Mountain bed can hardly be looked upon as showing much commercial 
possibility. The “ Shell ” bed, on the north side, is magnetite contain¬ 
ing numerous fossils of Lower Oriskany or Eo-Devonian age. The 
following is an average analysis of the ore from various parts of this 
bed: — 

Per Cent. 

Iron . 44 132 

Silica . 16605 

Alumina. .. 4643 

Lime ........ 67B0 

Phcephortu ....... 0-750 

Sulphur ........ 0D9H 

Iron Ore in the United States- — A. II. Iirooks 1 notes the 
occurrence of iron ore in Alaska. In the absence of any develop¬ 
ment of the coking coals and the lack of transportation, there has 
been little encouragement to prospect the deposits of Alaska. The 
best known of the deposits of magnetite are those of Prince of Wales 
Island. Iron ore deposits of the segregated type occur- near llaines, 
in south-eastern Alaska, but their commercial value remains to be 
established. They consist of primary magnetite disseminated in a 
basic rock compose.) of pyroxene and hornblende. The best specimens 
examined contained a maximum of 30 per cent, of magnetite. 

J. Sanders® describes the occurrence of hmmatite in veins in the 
Globe district of Arizona, and discusses the mode of its formation from 
pyrites. The oldest and most typical formation is that which occurs 
at the Old Dominion Mine, where the most prominent feature is the 
great depth of the zone of oxidation, extending to many hundred feet, 
sulphide ores not being encountered except in the deepest workings. 
On the other hand, in veins of the Summit class lying in the hard 

* United States Geelagisal Snnwy, Hullttin No. 480. pp. 90-91. 

* Engineering and Mining Journal, tol. xcil. pp. 1191-1192. 
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schist, sulphide ores are encountered almost from the surface down, 
although some oxidation may extend to a depth of 200 feet. The 
action of alkaline or metallic carbonates upon sulphide minerals, such 
os pyrite, may account for the occurrence of hiematite in association 
with pyrite and chalco-pyrite in the mine. 

Important now finds of iron ore hnvo been made on the Me.saba and 
other range*.* The Newport Mining Company has been successful in 
its exploratory work several miles east of the Newport mine at Iron- 
wood, Gogebic Range, and has discovered an immense deposit of high- 
grade ore that bids fair to equal in proportions the Newport deposit 
itself. A strike of much significance and apparently of considerable value 
has also been mode at the Silverman property east of Ely, Ver milion 
Range. Two dromond drills are in commission, and each of these lias 
encountered a body of high-grade ore that appears of large proportions. 
The deposit is only a little more than 10U feet beneath the surface. 
The M. A. Hanna interests of Cleveland have added an important 
deposit of iron ore to their Marquette Range holdings. The property 
concerned consists of 200 acres udjoining the American Mine on the 
west. It has been explored extensively, and is known to possess great 
mineral value. In addition to the lease there has been executed 
between the same interests an option covering 160 acres still farther 
west in the same section. It is believed that, this latter tract contaius 
a large ore liody also. Sufficient work has already been done to 
disclose the presence of Bessemer ore, but its extent can be deter¬ 
mined only by systematic exploration. 

G. C. Stolte* describes the Cheever Mines, Port Henry, New York. 
The deposits, which consist of magnetite, are among the oldest of the 
iron mines in New York State, and wore worked as for back as 1785. 
The deposits can be traced along the strike for nearly a mile, and the 
most southern of the ore bodies outcrops for about a quarter of a mile 
from the shores of Rake Champlain. The ore bodies occur in acid 
gneiss, or sometimes syenitic gneiss. Most of the magnetite is granular 
and basic, containing variable quantities of green to pink apatite with 
green pyroxene constituents. The ores are pruUbly of sedimentary 
origin. The methods of mining and concentrating are described. 

It is stated 1 that one of the oldest iron ore mines in the United 
States is that known as the Forest of Dean, situoted about five mile* 
w est of Fort Montgomery on the Hudson River, Orange County, New 
York State, which has been worked since 1756. 

The ore deposit is a large prism-shaped mass 120 feet high by 
90 feet wide, it* fonn being due probably to its having folded upon 
itself. Tt dips north-west at an angle of nbout 23 degrees, and has 
been worked along this slope for n distance of about half a mile. The 
working slope is on the footwull, which is gneiss. The ore us shipped 
averages more than 80 per cent, of iron. According to analysis 
taken in the days of hand cobbing, the ore averaged as follows;_ 


1 Iron Aft, voL IxuviiL p. 70S. 

l 

* . 
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Silica 
Alumina . 

Lime 
Magnesia 
Iron oxide 
Phosphoric orii I 
Carbon dioxide 
Water . 


l*er Cent 
. 51)0 

. trace 
5-51 
. I 19 

83 56=metallic iron, fiOH 
. 2-3» 

. 106 
. 020 


A discovery of iron ore is reported» from Ayr, Pennsylvania, the 
estimates of its quantity ranging from 500 to 1000 million tons, 
much of which is said to he of Bessemer quality. It. is believed tlmt 
the property contains at least one billion tons of high-grade ore. 
consisting of bluck hwmatito, brown haematite, red haematite, and 
carbonate of iron. On the other hand, from a report of the State 
Geologist, it ap|H.>ors that while there is an abundance of ore there, 
principally brown luematite, the estimated deposit of commercial ore, 
in his opinion, is far short of one billion tons. In regard to quality, 
selected samples, be declares, may contain GO per cent, of iron, but it is 
doubtful whether any of the ore bodies will average 50 per cent. 


Iron Ore in Brazil. — c. K. Leith s and E. G. Harder describe the 
hn-m.it ite ores of Brazil, and compare them with the haunatites of 
laike Superior. The important ores in the Minas Gomes district of 
Brazil are massive liieumtite and jacutinga. Secondary concentration 
resulting from the leaching of impurities lias enriched much of the 
jacutinga ore, but has not been sufficient to form ore deposits from 
ordinary iron formation or itabirite, as has been the case in the Luke 
Superior district. Brazilian ores are associated with vast quantities 
of residual or transported fragmental ores, usually of a somewhat lower 
grade than the bedded ores, and though not able to be immediately 
utilised, they nevertheless constitute enormous fair-grade deposits for 
the future. Estimates of tonnage for the regiun as a whole would be 
premature with the present state of knowledge, but it is certain that, 
the estimate of Derby, of two millions for the district, is conservative. 
Of the high-grade massive hiematite and jacutinga, ranging from 
63 per cent, to 69 per cent, in iron, the tonnage is probably not far 
short of the total reserve of available ores in the loike Superior 
region. The grades of the hnmintites vary, of course, with the 
content of silica and phosphorus, but tho conspicuous thick lenses 
of massive iron ore are probably the richest ores of Bessemer hxmatite 
in tho world. Some jacutinga ores are equally rich, but other- an- 
somewhat high in phosphorus and silica. The iron ores of tho Minns 
tieraes district are more like the Luke Superior ores in type, geological 
associations, richness, and quantity than anything yet discovered. 


Iron Ore in Cuba -The nature of the iron ore deposits of 
Mayari, which linve already been the subject of litigation in the 

l Inn and Coni Trada Review, vol. Ixxxiv. p. Gift. 

* Ennomu Geology; Iron and Coal Tradei Review , vol txxxiv. pp. 170-172- 
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United States, is reported upon at length by R. A. <le Yarza,* * R. S. 
Lozano, and ^ . Kindelan, who describu the deposits and submit a 
n uudier of definitions from various sources relating respectively to 
iron ore and ochre. They also give a summary of the laws bearing 
on the subject, and tables of analyses prepared bv Pattinsou and 
Stead. Ihe ultimate opinion they arrive at is adverse to regarding 
tlte ores as ochre. 

J. I. del Corral - also deals with the legal considerations involved. 

IK k Wood bridge 3 describes the iron ore deposits of Culsi. On 
the north coast there are iron ore deposits in the nature of laterites 
amounting to about 200.000,000 tons. They lie in the province of 
Oriente, near the east end of the inland and adjacent to the sea. The 
deposits consist of a brown ore, high in moisture and alumina, very low 
m silica und phosphorus, containing about 0 7 per cent, of nickel. The 
average thickness of the beds is alwut 20 feet, A typical analysis of 
these ores, dried at 212 degrees, is as follows •— 


Silica 
Iron 

Alumina . 
Chromium 
Nickd l 
Cobalt f - 
Phmphono 
Sulphur . 
Combined H,0 


Per Cent 
3-ST 
4367 
1307 

1746 

08035 

0008 
0 107 
11 59 


Hygroscopic moisture varies with the seasons, but averages about 
15 to 20 per cent. 

Native Iron — A A. InostzanzefP states that a specimen of 
native iron has lieen obtained from Russian Island, Vladivostok Tlte 
specimen, which was taken from a Itorehole pausing through quartz- 
porphyry and Tmssic sandstone, is brown and resembles limonite in 
appearance, but it lias a much higher spocific gravity (7 0071 and is 
strongly magnetic On a fresh fracture it shows ,/ peculiar oolitic 
structure, with bUdk grains set in a silver-white metallic ground- 
mass. The structure of Urn metallic portion as seen under the 
microscope i> not like that of other native irons, hut is very similar to 
lh„, of «Oo»l ta». Tl. ,|,ow, 

granular eementite, and a ground-mass of pearlite. whilst is 

also present. Analyse, by S. A. Jakowleff gave - “ 

Iron. . Percent. 

. . 93 87 


Combined carbon . 
Free carbon . . 

Aluminium 
Manganese 
Silicon . 

Sulphur . 

Total. 


083 

2-87 

016 

(MS# 

If* 

0-04 

99 48 


1 Kmita Minora, voL Ini. pp. 495-501. , ,.T _ _ 

* Canadian Mining Journal, vol. xarii. pp 73 K --41 ^ ' pp ‘ 

* ZtUxkriflfUr Kiyitallografikit nnj ilinaralogi,, i* t. p(1 
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In composition also the material is thus identical with artificial 
cast iron. It is suggested that this 11 native cast iron * was formed by 
the action of the intruded igneous rock on coal and iron ore in the 
sedimentary rock-*. 

Chrome Ore- —An important deposit of chromite lias been found 
at Selukwe, in Rhodesia, 1 and during 1910 no less than 41,002 tons 
were shipped. The output is increasing rapidly. The deposit consists 
of a huge segregated mass associated with serpentine and is easily 
quarried. It ia close to the railway; the cost of mining is low, and 
the supply is exceedingly large. Chromite is found in several other 
parts of Southern Rhodesia, and it* occurrence appears to lie con¬ 
nected with the great intrusion of picrite which runs north and south 
through Southern Rhodesiu from the Zambesi to the Limpopo. 

Manganese Ore. —E. Pfiwoznik 3 discusses the industrial import¬ 
ance of manganese and its compounds. The occurrence of the ore and 
the use of manganese in the smelting and refining of iron and in the 
chemical and dyeing industries are considered. 

Hoyer* describes the manganese ore deposits of the southern 
Sierra Morena in tho province of Huelva, Spain. The origin of the 
deposits is discussed. 

Molybdenum Ore. —T. L. Walker 4 describes the occurrence of 
molyb*fenum ores in Canada, and deals with the nature of the ores, 
their uses, production, and methods of concentration. 

Nickel Ore- —The occurrence of nickel-bearing pyrrhotite in Floyd 
Co., Virginia, is reported. 1 The ore occurs on the hillside and is 
a.--ociated with some chalcopyrite. The percentage of nickel is about 
1*75. and there is 0‘4 per cent, of cobalt present. 

Tungsten Ore. —R. s. Lozano s gives a description of the tungsten 
requires of Spain and Portugal, together with statistics as to the 

f iroduction of ores containing tungsten. In 1900 the production was 
ess than 2 tons, but this output had risen in 1908 to no less than 
226 tons. The production in Portugal was nearly three times as con¬ 
siderable, the output in 1909 having amounted to 710 tons. The 
tungsten deposits extend over the whole of the West Iberian Penin¬ 
sula, and veins penetrating the quartz are found as widely apart as in 
Cordova, Andalusia, Salamanca, and (lalicia. In Portugal the voins 
chiefly occur in the north. Generally speaking, the northern deposits 

1 Emginttring ami Miming Jen mat, val. xcii. p. 956. 

* Otttrrrrirkuckt /.ntuhri/t, ml. lit. pp- .682-587. 

* Eriiukri/t fir frakiuckt Gtatagu, vat xix. pp. 407 -432. 

» Canada, Department of Mine*, Mines Branch, Report No. 93. 

* Emginttring and kfimmg Jimmal. mi. xcii. p. 844. 

• Paper read before the Internaiional Congress < f Mining. Metallurgy. Applied 
Mechanics, and Practical Geology. Dusseldorf; litUltlim dt !j SocitU it ’ /nJu tnr 
Mintra.lt. Series IV, sot xv. pp. 288-3©. 
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of tungsten are accompanied by tin ores, but in the south they occur 
alone. 

It is stated 1 that the tungsten ores of Portugal uro remarkable for 
their purity, containing neither tin, Bulphur, phosphorus, nor bismuth ; 
and, after being dressed, contain from 70 to 72 per cent, of tungstic 
acid. By reason of this purity these ores are largely used in the 
French electro-metallurgical industry for the production of ferro- 
tungsten. 


Vanadium Ore.— F. F. V. Curran* describes the carnotite 
deposits of south-west Colorado. They occur in Paradox Valley. 
At Dry Creek, 6 miles west of Nuturita and 46 miles west of 
the nearest railway station, Placerville, the valley is 3 miles wide 
and over ;>0 miles long, and is, generally speaking, an expanse of 
sandy loam, dry and dusty during the greater part of the year, but 
yielding abundant crops when favoured with the infrequent rains. 
The carnotite ore-bodies outcrop from the sloping sides of the 
mesa about 600 feet abovo the valley's level, and may be mined 
by horizontal tunnels driven in from the surface. The ore is roughly 
sorted and placed in canvas sacks, holding about 83 lbs. each, and 
is hauled by wagou to Placerville. The twst-known mine is the 
Jodandy, at an elevation of about 6000 feet above sen-level. The 
ores are of variegated colours and richness, ranging from vivid 
canary fellow, with 10 to 13 per cent, of uranium oxide, to greenish 
black Kentsmithite. Red hydro-calcium vanadate also occurs, con¬ 
taining as much as 90 per cent of vanadium oxide. The demand for 
carnotite as a source of vanadium employed in medicine, dyeing, and 
in the iron and steel and <-opper industries, as well a» for the'extmction 
of radium, is increasing rapidly. Fully 90 per cent, of the carnotite 
ore production is shipped either to Liverpool or to Cannonsburg, 
Pennsylvania. Carnotite is the most desirable of the ores of vanadium, 
•for it can be cheaply and easily treated, ami n 10 per cent, solution of 
sulphuric acid can extract 86 per eeut. of the vanadium in fifteen 
minutes, or the whole of the vanadium iu half-an-hour. 

C. A. Allen* describes the vanadium deposits in the CaUllos 
Mountains New Mexico. The ore consists of vanadinito or vanadate 
of lead, and the development of the deposits and the treatment of the 
ore are dealt with. 

J. O. Clifford * also describes the deposits of vanadium in the 
Ciiballas .Mountain*, JNew Mexico. 

Meteorites — B. Meunier» states that a meteorite which fell 
recently near Alexandria shows a remarkably crystalline structure, 
and consists principally of fragment# of hypersthene (83 34 per cent.) 

* Mining and Engineering World, vot xxiv p <)|o 

a Engineering and Mining fennel, vot *di. pa 1287-1 •'8H. 

* Mining and Scientific Ertu, September iSi 1'Ul 

» Mining and Engineering World, vol. ,xxv. pp . S57-S68 

» LamfUi Rendm, vol. dm. pp. 785-787. 
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united by a earnout soluble in hydrochloric acid. The hyperathene 
shows the mauled structure, and contains inclusions of ilmenite 


Analysis gave:— 

• 

ftfh 

CaO 

MgO 

K...O 1 
Na/Jf 
MaO 

Per Cent 

. 17-K) 

. o-ow 


Tout ..... SMO 


W. P. ilwuldeu 1 states that a mass of meteoric iron weighing 
596 llis. was found about 1906 at Currant. Creek, 22 miles south-west 
of Cripple Creek, Colorado. It shows no Widmanstatten figures on n 
polished and etched surface. Analysis gave :— 


!*er Cent. 

Fe.89'710 

Si.91W9 

Co.0 554 

Mn.0-051 

Cr.0 018 


MgO. J 

Its specific gravity vras 7'93!M. 

A tabulated collection of 125 published analyses of meteoric stones 
is given by O. C. Farrington.* A table is also given showing the 
nvemge composition of 318 meteoric irons, and the average of all 
meteorites, both stones and irons. 


U.—IK0N 0ICE MINING. 

Shaft Sinking. —E. M. Ileriot* discusses the relative merits of 
various shapes for shafts. They may be either rectangular, oval, or 
circular, and the prevalence of any one type in certain districts is 
largely due to custom. Rectangular shafts have comparatively few 
advantages, and the adoption of circular shafts is urged both on the 
score of safety and economy. 

Explosives and Blasting. —TafTanel 4 and Dautriche discuss the 
methods of firing explosives when blasting in mines. One cartridge 
containing fulminate is usually arranged so as to explode several 
cartridges containing safety explosive only. Some experiments are 

• Pnxttdingt of Uu Colorado SkintiJU Sorirtjr, vol, tit pp. 79-80, 

2 FitU Mnttum of Natural History, Chicago, 1911, Geological Series, rot. tti. pp. 

195-229. 

2 Enginttring and Mining Journal, Vol. xcii. pp. 128S-12SS. 

1 Comgtts Krndm, voL cllki. pp K3-82&. 



















444 


THE IRON AND STEEL INDUSTRIES. 


described, the results of which show the most advantageous arrange¬ 
ment of the fulminating cartridge with respect to the others. 

Equipment of Iron Ore Mines. — J. Liston* describes the electric 
power equipment at the iron ore mines of Witherbee, Sherman tic Co., 
Port Henry, Now York. Alternating current generators and induc¬ 
tion or synchronous motors are used for practically all power pur¬ 
poses. There are some small motor-generator sets supplying direct 
current for magnetic separators and for locomotive haulage, but the 
total capacity of direct current motors is less than 100 horse-power, 
whereas the generating plants with a combined output of 4475 kilo¬ 
watts serve alternating current motors totalling more than 5500 horse¬ 
power. 

G. £. Eilwants* describes the equipment of the Chapin mine of 
the Oliver Iron Mining Co. situated in the south-western part of 
Dickinson county at Iron Mountain, U.S.A. 

Timbering in Iron Ore Mines —H. Lakes* deals with the 
timbering of metal mines through running and swelling ground. 

F. L. Burr 4 describes the method of square-set timbering us carried 
out at the Vulcan Iron Mines, Michigan. 

Methods of Mining Iron Ore. — A short account is given 8 of the 
Styrian Erxberg and the method adopted for the working of the ore. 
The ore is essentially a basic carbonate, containing on the average 
38*7 per cent of metallic irou. The mountain of ore presents the 
appearance of a vast staircase, the ore being continuously shovelled 
away on each levol. 

The methods of mining in vogue at the Biwahik Mine, tho oldest 
mine on the Mesabi iron range, are described and illustrated by 
C. A. Troper.® The deposits now being worked dip to the south ubout 
10°, and have a depth varying from 50 to 300 feet. Almost solid 
scum* of hard ore cover several acres in a stretch, the intermediate 
layers being pure taoonite and “paint ” rock. By proper selection a 
good smelting mixture con be obtuined of tho a\ eruge composition : 
Bessemer: iron, 55 per cent.; silica, 550; phosphorus, 0 045; uon- 
Besscmer: iron, 51*50; silica, 6*0. Six shovels ore used, each with a 
dipper capacity of 3 cubic yards. The breaker is the’largest ever 
built, being a No. 24 Allis-Chalmers machine with a 48-inch opening, 
tho object of its employment being to avoid reblasting and to permit, 
handling of rock which eould be landed by Bteam shovels and hauled 
to the crushing plant in care of larger size tlinn those previously 
employed. The crusher is of the gyratory type, and os the steam 

1 Iron Trait Krvirm, vol. 1. pp. 549-053. 

* Mining ani Engintrring ll orld, vol. rxrvl. pp. 499-801 

* /hi.. voL Mxr. pp UW-11OT. 

* Paper read before the Lake Superior Mining In.titute; Mini*. a „J Sngimtrring 

World, vol xxxri. pp. B5-C7. * 4 

» Stahl uni Em, vol xxiii. pp. 297 303. 

* Enginerring and Mining Journal, vol. xcii. pp. 1043-1045 
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tthoveln handle pieces of ore weighing up to 7 or 8 tons, provision hits 
been made for any pieces that might fall across the receiving opening 
in such a way as to obstruct the access of the material to the 
crushing throat. Details of the construction of this breaker and 
sectional drawings Are given. 

H. C. Estep 1 reviews the developments of mining operations on the 
Mesabi, Vermilion, and Cayuna ranges. 

R. W. Vallut 3 gives an account of the Newport iron mine at 
I ion wood, Gogebic County, Michigan, with special reference to the 
methods of working employed and the system of mino surveying in 
vogue. 

C. Dixon 3 deals with the open-cut mining of brown hiemutite in 
Alleghany and Craig counties, Virginia. 

He also describes 4 the methods of mining brown hieniAtite iron ore 
that are peculiarly adapted to the conditions existing at the Low Moor 
mines, Virginin. 

Haulage of Iron Ore.— A. Thunblom 5 describes a compressed-air 
locomotive suitable for the transportation of ore. 

C. Hanocq a continues his mathematical investigation of the condi¬ 
tions under which aerial ropeways should be installed and worked, and 
gives formula- for the guidance of engineers engaged in this class of 
installation. 

The aerial ropeway installed at the Orconera Iron Company’s Mines 
in Biscay, in the north of Spain, is described and illustrated.* The 
system is a modification of the Bleichert apparatus. 

Ore Handling. — A description is given 8 of the new ore dock 
erected at Alloucx, Wisconsin, which is claimed to bo the largest in 
the world. It is equipped with 151 double ore pockets with a 
capacity of 325 tons each, and is capable of loading into a single 
vessel about 9500 tons of ore in twenty-five minutes. 

K. Buumgarten 9 illustrates several types of gates for ore shoots, 
pointing out that ease of manipulation and handling of the ore depends 
upon uniformity in its site. Oue of the moat useful types is the arc 
gate. Any ore shoot gates should be exceedingly strong to withstand 
the hammering action of the ore in its passage down the shoot. 

.T. S. Cox 14 describes the ore loading appliances installed at the port 
of Nima Xirna, on the south-west side of Cuba, near Santiago de Cuba, 
far loading ore from the Ponopo Manganese Company’s El Cuero iron 

* Iran Trad* Review, rot L pp. 26-36 

* Enlletin of the A merit an institute of Mining Engineers, 1911, pp. 903-921. 

* Mines ami Minerals, vol. xxxii. pp. 483-431. 

* Ihd.. pp. 553-564. 

* Eikang till Jernkontarett Annoler, 1911, pp. 917 920. 

* Rene Unr.erstlie ies Mints, Series IV.. vol. lxxvii. pp. 1-50. 185-234. 

7 Ikid., vol. xxxviii. pp. 117-12L 

* Iron Trade Res ins', vol. L pp. 190-196. 

* Engineering and Mining Journal, voL xrii. pp, 740-741. 

>• Iron Age. vol. Uxiviu. pp. 753-755. 
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mines. The problem to bo solved was thu transport of ore estimated 
at 250,000 tons close to the Carribean Hea, but nine miles by water 
and twenty miles by land from the nearest available port. A com¬ 
bination of a number of principles was devised, of which the canti¬ 
lever was the controlling factor. The capacity of this plant to deliver 
ore to vessels is regulated by the sjieed of the conveyor, which travels 
650 feet per minute, and the volume of feed to which the roller feeders 
are adjusted. At first it delivered 700 tons per hour, but this has 
now been increased to nearly 800 tons per hour. 

C. A. Tuppor 1 describes the modern methods of handling iron ore 
at the various mines in Spain. 

K. D. Williams 3 describes the largest iron ore carrying steamer on 
the Great Lakes. This vessel (the Schoonmaker) has a capacity of 
15,000 tons. 


Grading Iron Ore. —B, F. Rico 3 describes the grading of dry 
and granular material, according to size or bulk of particle, without 
screens, and advocates the tiso of the McKesson screenless sizer to 
provide a cheaper and more efficient method of sizing such material 
tluin is afforded by any screening device. 


Economics of Ore Mining. —J. R. Finlay 4 deals with the method* 
for valuing ore properties, with special reference to tho hard ore, 
soft ore, and Swunzy districts of the Marquette Range, and to 
scattered low-grade mines of other ranges. The logical position to 
take in regard to undeveloped mineral lands is that whatever values 
they may be proved to contain will be real is,-d as soon as the mine is 
developed, and therefore the State loses nothing in the long run by 
exempting such land from taxation. L. Fraser 1 likewise deals with 
the valuation of ore, and gives a scheme for estimating the amount of 
ore in a stope. This can bo ascertained by plotting two new factors 
on a stope map, which gives better result* than tho old method of 
estimating the amount of oro by taking widths only. 


History Of Minin g. — K. Nisliio r ‘ gives an account of the history 
of mining in Jnpnn. In the early mythology of Japan the tradition 
is recorded that Ishikoridouie, a smith, was the first to smelt copper. 
Records extending from the first year- of the Kmperor Jimmu, 660 n.e„ 
to the conquest of Korea by the Empress Jingu, a.D. 200, show that 
swords and mirrors were made early in those days, hut no definite 
record* occur of other metallic products beyond the fact that when 
tho Empress Jingu conquored Shiragi, r province of Korea, the king 
of that country promised an annual tribute of eighty vessels loaded 


* Mining am! Engineering World, <roL XXXVI. pp, i<)- ,,, 

> Iren Trade Errveo. rol. I pp. Kt SR. ” 

1 Metallurgies! and Ciemi.aJ Engineering, rol in. pp. 027-fB*. 

* Engineering and Mining Journal, vol. xai. pp. 71'j rvi 
» Hid., pp. WO 803. 

* Bulletin 4the Americeen tnitiUU of Mining Engineer., 1912, pp, 
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with gold, silver, end other treasures. Records relating to the iron 
industry are meagre. The smelting of magnetic sand was commenced 
about the year 1266 at Sugatini Mine, Idr.umo, and the art of making 
swards, which seems to have been prosperous as far back as the ninth 
century, greatly unproved at about this period. A mine map dated 
1695 is preserved at the Tokio Imperial University. 


III.— MECHANICAL PREPARA T10N. 

Iron Ore Crushing. —An illustrated description 1 is given of an 
electrically driven iron ore crushing machine at the Biwahik Mine, 
Minnesota, which has a capacity of 1000 tons an hour. 

Washing Iron Ore. —C. A. TupjHsr 3 gives an illustrated descrip¬ 
tion of the ore washing plant of the Oliver Iron Miuiug Company. 
The plant is situated about three miles from the company’s mines, on 
the shore of Trout Lake, oppositu Coleraine, Minnesota, and is equipped 
with electric drive, and is capable of dealing with 1000 tons per 
hour. The chief feature is the use of the Overstrom table, this being 
the first time it bus ever been adapted to the concentrating of iron 
ore. It has a patented head motion which advances mineral parti¬ 
cles very rapidly, rocking arms being employed for the purpose. The 
table top rests on four long rollers, which extend the whole width 
of the table. It is a diagonal table, with the top placed diagonnl 
to the line of reciprocation. Each of these Overstrom tables has a 
capacity of 350 lbs. of concentrates per hour. 

The iron ore washing plant of the Orconera Iron Ore Company, 
Limited, near Bilbao, is described by C. A. Tupper.* 

Drying Iron Ore — A recent test, of drying wet iron ore with a 
Haggles dryer at the Bequest Comjiany'i No. 3 Mine, Buttsville, New 
Jersey, gave an efficiency of 89 05 per cent. The dryer wns installed 
in the open, and was driven by a vertical steam-engino, which oper¬ 
ated the dryer as well as the fan. The results of a series of five 
ore-drying tests carried out at this mine are given. 4 

A description has appeared 5 of an experimental Atlas oro-drying 
plant erected at tho Hollister mine, near Crystal Falls, Michigan. 
The apparatus has a capacity of approximately 400 tons per twenty- 
four hours, and dries from 14 to 15 per cent, down to about 4 per 
ceut. It consists of a revolving steel cylinder, about 5 feet in diameter 
and 30 feet long, set at an incline toward the discharge end, and with 
lifting blades for cascading the material in its passage toward that 

> Iron Trade Reotnr. rol. I. pp. 3H7-390. 

5 Mining and Engineering It arid. toL xixv. pp. 049-9M. 

* Hid., vol. xxxve pp. 107 111- 

* Inn Trade Review, vol. xlix. pp. 1000-1061. 

1 Iran Age, toL IxxxviU. p. SKI- 
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en<l. The cylinder is enclosed in a steel casing like a boiler setting, 
with a furnace at the front and a fan which draws the heated air from 
it through suitable inlets in the cylinder and into direct contact with 
the ore as it pisses toward the rear. The design is such that the air 
at its highest temperature and greatest velocity is brought in contact 
with the ore in its wettest state; and these ore gradually lessened in 
degree, until at the discharge end there is practically no heat or fan 
suction remaining and very little moisture in tbo material. This 
elimination of the air suction at the rear of the cylinder obviates the 
necessity for a duat chamber, and the dried ore falls by gravity, 
through the open end, to an elevator. The shape of the air inlets, 
coupled with the cascading effect, prevents any leakage from the 
cylinder during the passage of the material. 


Concentration of Iron Ore. — II. Louis 1 discusses magnetic 
methods of concentrating iron ore. He deals with the principles 
upon which mngnetic concentration depends, and describes the vari¬ 
ous separators which may be used on an industrial scale. The author 
has been successful in concentrating Cleveland iron ore by this 
method. 

The utilisation of fine iron ores and residues is dealt with, 1 and 
various processes for the concentration of low-grade ores are de¬ 
scribed. The early method adopted was to mix the fine material in 
a pug mill with some binder, such as clay, and form the mixture into 
blocks or briquettes in moulds by hand. The briquettes were then 
air dried, or, in the later plants, placed on floors below which steam 
was passed, and finally stacked in large kilns nnd roasted by means 
of a series of coal fires carried in hearths placed at intervals along the 
walls of the kilns. This comparatively crude method was followed by 
a modification of the Hoffman regenerative type of kiln which is 
frequently used for the burning of clay bricks. The nodulising 
process which is used to a modified extent in this countrv and in 
America consists of a long tubular furnace, about 100 to 125 feet in 
length and 7 to 10 feet internal diameter, made of riveted Bteel 
plates lined with firebrick. The tube is mounted on rollers at a 
slope of about 1 in 10, and is heated by means of producer or blust- 
furuace gas. The material to be dealt with passes into the top end of 
the furnace, when, owing to the slope and the rotary motion, it slides 
down the tube and the fine particles adhere together, forming nodules 
varying in sire from that of a pea to a walnut. At the lower end of 
the furnace the temperature is sufficiently high to cause the particle- 
to sinter together, forming u hard product with u capacity to absorb 
water amounting to about 6 per cent of their weight Sulphur is 
reduced to about 01 per cent In the Grondal process the material 
passes to suitable mechanical presses, by means of which it is formed, 
without any addition of binding material, into briquettes usually 


1 /ournaiaflit Seet/anJ Inm and SUtl Imtitute, vul *i». pp. ‘J06-244. 
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having the dimensions of 6x6x3 inches. The briquettes nro 
stacked in two layers on to bogie ears, which stand on rails running 
past the presses to the tunnel-shaped kilns. The kilns, which range 
in length from 150 to 200 feet, are built of firebrick. The width of 
the tunnel is such ns to allow the cars to [hiss through with a mini¬ 
mum clearance of about 2 inches between the cars and the sides, so 
that the hot gases shall have ns little opportunity us |K>ssible of 
damaging the ironwork. The kilns are filled by a continuous row of 
cars abutting together end to end. The cars are passed into tire kiln 
at the rnto of about three per hour by menus of a push-bar actunted 
by an endless chain revolving in the centre of the track outside the 
kiln. The process is a continuous one, the time taken to produce 
finished briquettes from the raw material being roughly eight hours. 
The briquettes produced, owing to the oxidising nature of the Hume 
und the free draft-, have an extremely low sulphur content, usually 
ranging below 05 per cent., and the iron exists invariably in the 
hicmatito form. The porosity is about 15 per cent,, and little trouble 
appears to be experienced from disintegration into powder during 
transit. 

H. Comstock * describes a large iron ore concentrating plant at 
Mineville, £ssex County, New York. The group of magnetite mines 
in this locality produce 1,000,000 tons of high-grade ores and con¬ 
centrates annually. Tlio three principal ore bodies are Old Bed, 
Harmony, and Barton HilL The concentrating plant is divided into 
two sections, either of which may be run independently of the other. 
1 he current for the magnetic separators is obtained from a motor- 
geneiator set consisting of a 75-horse-power 440-volt constant-speed 
induction motor directly connected to a 50-kilowatt 125-volt direct- 
current generator. 

The erude ore from the Harmony Mine contains about 51 per cent, 
of iron, 28 per cent, of silica, and 0-2 per cent, of phosphorus. After 
the concentrating process the concentrates average 64 per cent, of 
iron, 0"08 per cent, of phosphorus, and about 9 per cent, of silica, 
fonning a course granular product ideal for hlast-fumnce ubo. The 
tailings average about 10 per cent, iron and 60 per cent, silicn. Tho 
iron recovery is thus from 96 per ceut. to 97 per cent. The capacit v 
of the mill on 04 per cent, concentrate* is 100 tons of erode ore per 
hour, but when middlings are being mode the capacity is considerably 
greater. The power consumption per ton of crude ore is about three 
kilowatt hours. This includes all the primary crushing and all hand¬ 
ling after the ore leaves the skips. In addition tho mill is equipped 
to produce a special high-grade product of the following analysis:_ 


Iran . 
Pboaphoru* 
Silica 
Alumina , 


Per Cent. 
. 71-00 
0017 
1-80 
0-90 


1 Iran Trade Mettrw, voL alia. pp. 825-829. 
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These concentrates are used chiefly in the manufacture of electrodes 
for arc-lamps. 

The iron ore concentration and briquetting plant at the Sydvai 
anger Iron Mines in Norway is described and illustrated by A. 
Udhatig.* 

Briquetting of Iron Ore and Flue Dust.—J. A. A. Auzie* - gives 

details of a method of. hriquottiug iron ore and treating fine residues 
with milk of lime or by adding about 3 per cent, of quicklime to the iron 
oxides, and subsequently moistening the mass so as to form a workable 
paste. It is an odvnntage to add to the iron oxides about 10 per cent, of 
fine wood sawdust. After the briquettes have beeu made they are raised 
to a temperature of 1200° to 1600°, which brings altout calcination of 
the mixed hydrate of lime and iron, and at the same time burns out 
the Bawdust incorporated in the muss, thus conferring on the briquettes 
the necessary porosity. Experiments were also carried out with mag¬ 
nesium or calcium chlorides. To a mixture of the ore with sawdust 
or coke dust and a little lime or magnesia a 10 per cent, solution of 
magnesium chloride is added in sufficient qunntity to form a plastic 
mass, which is subsequently compressed ami dried by beating. Thus 
treated, briquetted ores satisfy all the necessary requirements of a 
good briquette. 

J. W. Richard* 3 describes the Schumacher briquetting process. 
The process rests on the observation of the fact that blast-furnace flue 
dust, while possessing of itself no binding properties, acquires such if 
mixed with u very small amount of certain salt solutions. In practice 
5 to 10 per cent, of its weight of magnesium chloride or calcium 
chloride solution is mixed with the dost, imparting to it the projierty 
of setting within a short time and forming a hard cemented briquette. 
A plant has been installed at Johnstown, I'ennsvlvunin, with a capacity 
of 250 tons of briquettes per day, and an illnstratiou of a Brtick- 
Ki etschle press for the Schumacher process, installed at Seraing, if* 
given. A briquette made of flue-dust absorbed 11-5 per cent, of it* 
weight of water, which represents a porosity of 27 per cent. After 
drying, the briquettes tiecome exceedingly hard. The solution added 
appears to act as a catalytic agent. 

N. V. Hansell 4 deal* with the briquetting of iron ores, with 
special reference to the Clrotidal process, which is fully described and 

illustrated. 

W. 8. Landis 5 deals with the agglomeration of fine materials, and 
divides the agglomeration processes into two groups, in one of which 
certain properties of the material are utilised to ohtain the desired coher¬ 
ence, and in the other coherence is obtained through the addition of a 
foreign substance or binder. A good briquette should be porous, and 
one of the greatest draw backs to the nodulising process is that the 

1 Inn and Coal Trades Review, rol. luxlv. pp. 161-103. 

* Revue de Slltollurgie. Af/moirrs, yoI. I*, pp. 35-36, 

» Bulletin of the American Institute of ifimnr Engineers, 1912. pp. 545-KSfl. 
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nodules are non-porons, and therefore difficult to reduce. Disintegra¬ 
tion should not follow the exposure to water vapour. Briquettes 
should not disintegrate when heated to redness, and in no instance 
should they contain a hinder such, for instance, as a sulphur 
compound, which might exert a harmful influence on the furnace 
product. 

The briquetting of fine flue-dust is discussed by F. A. Vogel. 1 In 
the United Suites this dust usually contains 20 per cent, of coke and 
over 40 per cent, of iron, and a ton of flue-dust represents a material 
loss. The processes described for sintering and hriquetting such flue- 
dust are the lluntington-Heberlein pot process, the Grimdal briquett¬ 
ing process, the Dwight-Lloyd process, the Greenawalt, process, the 
Pioneer process, the Ronay process, and tho Schumacher process. 
The hitter doe* not. use a binder properly ao called, but is based on 
the latent cementing material* present in fresh flue-dust, which lire 
made active by the presence of a small amount of a catalytic sub¬ 
stance. The process is inexpensive, and is extensively used abroad ; 
while the briquettes made by it Irnve given highly satisfactory 
results. 

K. Uolzhutter - gives an account of the method recently patented 
by L. Weiss for the hriquetting of ores and of flue dust. lime is 
used as the initial binding material, and after tire briquette has l**>n 
moulded it is treated with carlion dioxide under pressure, whereby tho 
lime is couverted into chalk. This yields a very strong yet porous 
briquette, particularly suitable for blast-furnace practice. 

J. Mchrtens * discusses the manufacture of briquettes by the aid of 
high pressure. Illustrations ore given of the different types of presses 
used by German firms. 

Bcucke * gives a critical review of modern methods of briquetting 
iron ore. 

A description is given 5 of the method employed for hriquetting fine 
iron ores without the use of a binder by the Alquife Mines and Rail¬ 
way Company, Ltd., at Guadtx, in the province of Granada, Spain. 


IV .—METALLURGICAL 1'RE PA HA TION. 

Dwight and Lloyd Process of Sintering.—B. G. Ciugh* ills- 

cusses the application of the Dwight and Lloyd process of sintering 
fine materials. A plant for tho purpose is in operation at Birdslwro, 
Pennsylvania, and the results luive Iwn highly satisfactory. The 
finely divided material is intimately mixed with the amount of carbon 

1 Bulletin ofthe American /mtitute ef Mining Engineers, Wig, pp. 533-644. 

* Stahl ukJ Risen, rot. xxxi. pp. 1539-1943. 

* Hid.. voL xxxii. pp. 135-143. 

* Rretergkem. January 15. 1913, pp. 30-21. 
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required to produce the sinter. The mixture is then moistened and 
deposited in the machine in a uniform layer, the upper surface of 
which is ignited by a small flame af intense local heat, the combustion 
of the intermixed carbon being effected in a progressively downward 
direction by a current of air flowing in the same direction through the 
permeable mass. The character of the sinter products! depends wholly 
on the material, and is unaffected by the rate of sintering or of the 
velocity of the air current. Diagrams illustrative of the process art- 
given. Several thousands of tons of sinter have been produced nt the 
Hinlsboro plant and used in the blast-furnace, and the sinter lias 
shown itself a superior aud beneficial addition to the blast-furnace 
cluirge. Taking off the ore and putting on the sinter bos the same 
influence on the fuel consumption as would result from taking off 
entirtdy that amount of ore-burden. A. wider application of the pro¬ 
cess is now suggested, whereby a solution of the problem of the 
conservation of mineral resources may be obtained. When the process 
is conducted with a proper proportion of moisture, proper ignition, 
proper mixture and distribution on the machine, there should be 
practically no fines. The product, although sufficiently magnetic to 
ne attracted by an ordinary magnet, is not ns magnetic as the un¬ 
sin ten^l material. The agglomeration of the ore particles is due 
mainly to the formation of ferrous silicate, and to n smaller extent to 
tliat of a calcium silicate. 

Concentration of Iron Ore by Roasting— J. 0. Handy 1 and 
J. M. Knotc have carried out tests on the concentration and purifica¬ 
tion of iron ore high in silicon by roasting in a rotary kiln. The ore 
contained 4 01 per cent, of sulphur, and consisted of 32 0 per cent- of 
maguotite, 271 per cent, of Biderite, 7'5 per cent, of pyrites, 13'2 pec 
cent, of calcite, 10‘8 per cent, of magnesite, 2’5 per cent", of manganous 
oxide, an. I 6j3 per cent, of silica. ~ The results of the tests, with a 
rotary kflu, 70 feet long, similar to a cement kiln, show tlrnt rousting 
iu such u kiln fired with powdered coal will efficiently desulphurise iron 
ore high in sulphur. 

The r.wolts also indicate tlrnt the kiln should Ik? at least 125 feet 
long, so as to give a xone .TOfeet long at 1100°-1200 C., preceded by » 
soue 20 feet long at 900°-1100° C. V 

1 tf Indattrial amd Bafimttriag Oumiitrv, rol. (il. pp. TZ1-7»J. 
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Physical Properties of Refractory Materials. — F. A. J. 

Fitzgerald 1 summarises tlie results of eight years’ research work on 
the problem of obtaining suitable refractory materials. The materials 
on which investigations were carried out were alundum, crysfrolon 
(silicon carbide) obtained in two forma—crystalline and amorphous— 
magnesia, and lime. Alundum is made by purifying and fusing 
bauxite in an electric furnace, and is produced in two forms, white and 
brown, the former being the purer. White alundum has a melting- 
point between 2050° and 2100° C., and its linear coefficient, of expansion 
is 78 by 10 T . The heat conductivity is much higher than firebrick 
nnd the specific gravity is 3-9 to 4. Alundum bricks buve been made 
for furnnee roofs, and have withstood temperatures that destroy silica 
brick in fire or six hours. In steel furnaces, however, the results 
havo not realised the expectations held, and experiments have clearly 
shown thnt while alundum will successfully resist the temperature of 
the electric steel furnace roof, there are difficulties in the way of using 
it for that specific purpose, as the action of the lime vapours 
arising from the intensely heated basic slug used in the furnace is 
injurious. 

Cry stolon is a silicon carbide and its use was foreshadowed by 
Benjamin Talbot, who prepared it in an amorphous form, which is the 
first stage in the formation of crystalline silicon carbide. Silicon 
carbide in the form of carborundum has given satisfactory results for 
furnace linings, but amorphous silicon carbide is not a good heat 
insulator. and the crystalline-carbide, or crystolon, is abetter refractory 
material for many purposes. The coefficient of expansion by heat is 
much less than that of silica, and the heat conductivity is higher than 
that of alundum. Kxperimouts have been made in its use for the 
nxjfs of electric furnaces, in which crystolon brick was found to 
afford a perfectly satisfactory material. Its electric conductivity 
at high temperatures makes a special construction necessary, and 
although there is a considerable decrease in resistivity, with rise in 
temperature, the crystolon remains for most practical purposes an 
insulator. Crystolon bricks are somewhat expensive, but their 
moulding is a comparatively simple matter, and a satisfactory furnace 
has been designed for baking the brick. 

1 Aftta/Jtir^icaJ and CJumUal F.nfinttnnf, voJ. x. pp. 139-132. 
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Mague-ia. although an excellent refractory, has serious faults nn<l 
is liable to crack at high temperatures. Electrically calcined magnesia 
is, however, lesa liable to this defect and does not absorb carlton 
dioxide. 

Lime fused in the electric furnace has given interesting results and 
can withstand heating followed by sudden cooling. It resists exposure 
to moist air remarkably well und hydration proceeds very slowly, 
even when the material is boiled with water. 


The Fusibility and Volatilisation of Refractory Materials. — 

O. Huff 1 and O. tioecke imve made experiments, in an electrical resist- 
nnce furnace, on the fusibility and volatilisation of a mini tier of refrac¬ 
tory materials. A description of the apparatus employed, together 
with illustrations, is given. 

The fusion temperatures of the following substances were ascer¬ 
tained :— 


Uranium carbide 
Vanadium carbide . 
Iron protoxide . 

Iron stsquioxide 
Magnetic oxide 
Lime ... 
Alumina . . . 

Chromium tesquioxiile 
Uranium oxide . 
Zirconium oxide 


Degree* Centigrade. 
. 3-125 
. 2750 
. 1410 
. 154# 

. 1538 
. 1MB 
. 3030 
. 3053 
. 3176 
. 2500 


For metals the following figure- went obtained, the melting having 
boon effected in an atmosphere of nitrogen under a pressure of ulwut 
5 millimetres or in a vacuum :— 


Gold 

Manganese 
Chromium 
rtulinum . 
Molybdenum 
Tungsten . 


Degrees Centigrade. 
. . 1071 

. 1347 
• . 1614 

. 1750 
. . 3110 

. 2875 


In the course of the experiments the temperature of volatilisation of 
some of the substancr-s was ascertained. Thus alumina, which melt# 
at 2020 under atmospheric pressure, commences to give off vapour at 
1600 under n pressure of 6 millimetres of mercury and at 1750 c the 
vaporisation Incomes relatively rapid. A singular anomaly occurs in 
the case of lime. In an atmosphere of nitrogen and at atmospheric 
pressure, the crysta line needle, of pure oxide sublime even at a tern- 

1740 ^’ f"* um d< * 8 occur until a temperature 

of 1995° l# reached. On the other hand, under reduced pressure, 
fusion doe# not occur until 2400“ is reached. 


Flow of Heat through Refractory Walls—C. Hcring’ gives 
an exhaustive table of thermal resUtivities which can be employed 


1 Ztit,ckrift/mr angmamdt, Cktmit, »oL xxiv. pp. 1459-1 us 
* J Itlallurgual amj Lktmiail hnpKttr\K£, voL ix pp. 662-654 ; 
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to ascertain the flow of heat through bodies and from surfaces. Tn 
electric furnaces the economy of heat losses is of far greater import¬ 
ance than in fuel furnaces, on account of the greater initial cost of 
the energy, in fact, the cost of the energy is in many cases the 
criterion, hence a mere reduction of the losses may make the dif¬ 
ference between commercial success or failure. It therefore becomes 
important in such cases to be able to proportion and design the 
walls of the furnaces so as to reduce these losses to the minimum 
necessitated by the particular conditions. Tho subject is classified 
under the following heads:—(1) Solid to solid. (2) Solid to gas. 
(3) Metal to water. (4) Water to metal to water. (5) Water to 
metal to air. (6) Gns to metal. (7) Gas to metal to water. (8) Gas 
to metal to gas. A table of reduction factors is given for each 
description of flow. 

Fireclays. —Recent developments in the scientific study of the basis 
of a standard clay ore dealt with,* and the views of tho various in¬ 
vestigators of this subject are summarised. 

Firebricks —K. Endell 5 discusses the composition of diuas rock 
for the manufacture of firebricks. 

Expansion Of Firebricks. — The volume of firebricks has been 
found by J. M. Organ 9 to increase at the sane time and at about the 
same rate as the sealed pore volume increased, and the author arrives 
at the conclusion that the permanent expansion of firebricks is due 
to the formation of an impervious bleb structure by “ volatilising 
gases " in the glassy matrix farmed by fusion. 

Tests of Firebricks. — A. V. Bleininger * and G. II. Brown state 
that under a load of 50 lbs. per square inch, tho bricks Wing placed on 
end, no firebrick body can withstand a temperature of 1350° C. if the 
alkali equivalent be more than 0-225. Silica present in excess of the 
ratio Al 2 0„: 2SiO t , makes the alkali content more effective iu fluxing 
power. Thus with 4'4SiO ; failure under the load was brought about 
by 0-17 of alkali. Experiments at other pressures showed that most 
fire-bricks fail under 125 lbs. per square inch. Plastic clays are not 
necessarily detrimental if low in olknli. There is no relation la-tween 
the crushing strength of a firebrick at 1300° C. and at ordinary 
temperatures. 

Bauxite. —G. H. Ashley 5 deals with the method of occurrence of 
bauxite and the method of working the bauxite mines of Tennessee. 

1 Engiaetrinr, ml. xetti. pp. 140-141. 

a Stahl anJ Aura, to), ixiil pp. 352-3U7. 

* Transactions of the American Ceramic Society. (rot xm. pp. fi<KH5ll. 
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Dolomite. — o. Lincio 1 states that a ferriferous dolomite was found 
about 4500 metres from the Italian end of the Simplon Tunnel, and 
was deposited in association with calcite and other minerals. It has 
a density of 3*005 at 14-15*, and on analysis gave — 


Per Cent. 
Will 
13*94 
law 
+4*72 


CaO 

MjjO 

FeO 

CO, 


Total . 


. 1003d 


corresponding with the formula— 


SCaCO,. SMgCO,. FeCO, 


The mineral is crystalline, and contains many minute gaseous bubbles. 

Oraphite. . O. Arsom 5 proposes tliat the use of the term gra¬ 
phite ne restricted to that allotropic form of carbon having the specific 
gravity 2*25-2*20. The author carried out an investigation to deter¬ 
mine whether a pure form of carbon can be transformed into graphite 
by means of heat alone, or whether the conversion can be effected by 
adding, previous to heating, a Quantity of mineral matter insufficient 
to form carbides with the whole of the carbon. With all the pure 
forms of carbon tested, it was found that, at 3000° C„ the density 
reached a definite limit, which was not raised appreciably by the 
addition of small amounts of mineral matter, the end product being 
graphite in some cases and not in others. The impure carbons were 
found to behave in a similar manner, their properties after firing 
being characteristic for each variety and independent of the amount 
of ash present. 

F. Cirkel.* in dealing with the graphite deposits of Amherst, Quebec, 
describes the geological conditions existing, and the nature and extent 
of the deposits, lie also gives his views us to the method of their 
formation. 


Magnesite. -Kern* describes the occurrence and utilisation of 
magnesite, the existing literature on which is scanty and often inaccu¬ 
rate. Amorphous or dense magnesite is an almost pure carbonate of 
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localities, the market price of burnt magnesite at present averaging 
£4 to £5 per t.on. Other deposits of importance are at Kraubat in 
Styria, and at Frankenstein in Silesia, both of which formations occur 
as veins or pockets in the serpentine rock. The following are analyses 
of magnesite from these three best-known European localities:— 



Euboea. 

Frankenstein. 

Kraubat. ( 


i’rr Cent. 

Per Cent 

Per Cent 

Magnesia 

4711 

4785 

48 41 

Lime 

0 51 

••• 

... 

Alumina . 

010 


... 

Ferric oxide 

ovn 


... 

Carbon dioride 

51-77 

51 90 

50 87 

Silica . . . 1 

0-20 

trace 

021 


The temperature at which magnesite sinters depends upon the pro¬ 
portion of iron it contains. Magnesite with less than 2 per cent, of 
iron will withstand a temperature of 1600° to 1800“ C., whereas with 
2 to 7 per cent, of iron it will begin to sinter at 1400' C. On account 
of the high cost, amorphous magnesite is very rarely sintered be¬ 
fore use. 

Crystalline magnesite is of a white or grey colour, and its texture 
mriy be either finely or coarsely crystalline. It never contains the 
same proportion of magnesia as the amorphous magnesite, and always 
contains a proportion of iron sufficient to facilitate sintering, by which 
its preparation on a hu-ge scale is cheapened. The burnt product is 
sufficiently refractory where temperatures of 1500° to 2000° C. are not 
exceeded; hut in any case the ferric oxide in the raw magnesite should 
never exceed 8 per cent. Various types of shaft furnaces are used for 
the burning of crystalline magnesite, the commonest uutil lately being 
the Lezelius—named after its inventor. Recently chamber furnaces, 
fired with producer-gas, have been used, capable of a daily output of 
10 tuns. Thu consumption of coal is high, half a ton of brown coal of 
4000 calories being required for 1 ton of burnt magnesite. If the raw 
material is friable, as in some of the Hungarian works, rotating tube 
furnaces, similar to those for the production of Portland cement, are 
used. The type of furnace, in fact, is a very important point in the 
burning of magnesite. The method of the preparation of the product 
for use in the construction of metallurgical furnaces, and the qualities 
which serviceable magnesite should possess, are considered. 

Attention is drawn 1 to the fact that a revolving tulie furnace for 
the calcination of magnesium has been used for two years in Kyustyn, 
Hungary, with very satisfactory results. 

* SUM h* 4 t'iun, vol. xxxti. pp. 2& 26. 
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L —CALORIFIC VALUE. 

Calorimetry- — R. Rieke * bis made numerous tests on the melting- 
points of Scger cones 022-15, chiefly with regard to duration of firing 
and various types of kilns. Unlike metals and most chemical com¬ 
pounds, these cones bive no definite melting-point. The chief factor 
is the duration of firing, which may affect the ap|uirent melting-point 
by 60-100° C. If firing be prolonged, a cone will melt at a lower 
temjieraturH. Cones 012a-l are, however, on exception, as they melt 
with more difficulty in a slow fire. Although cones cannot be regarded 
ns accunite pyrometers for temperature measurement, the advan¬ 
tage they possess over optical and thermo-electric instruments in the 
burning of pottery is that they are affected by the time factor as well 
as by tlie actual temperature attained. 

A modification of the Rertheiot-Mahler calorimetric bomb has been 
designed by C. Fury,* whereby the calorific power can be read directlv 
from a millivoltmeter. The bomb is mounted in two discs of Con¬ 
stanta n, which connect it with the outer jacket of metal, the bomb 
thus becoming the hot junction and the jacket the cold junction of a 
thermo-electric circuit. 

M. Brown * describes methods of testing coul by mean6 of the Lewia- 
Thompson and Roland-Wild calorimeters. 

Pyrometry —Looonte* describes a new type of electrical pyro¬ 
meter, in which a number of rods of zirconium oxide or other rare 

l Sfmkiaal. vol. slir. pp. 726-729, 741-744. 

» IjmfUi Ken Jut. »uJ- dir. pp. 601 R9X 

» Pra.tical Engineer, rot air. pp, <3 +4. 

4 Brussels Scientific Society; Prattieal Engineer, vol. aliv. pp. S06-SU7. 
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earths are mounted in a quartz bulb between two blocks of the same 
oxides. In upright tubes fused on to the quartz bulb there is placed 
a copper, silver, or some metallic alloy huving a lower melting-poiut 
than the ternpen\ture to be observed. When the instrument is in use, 
these columns of metal melt and establish excellent electrical connec¬ 
tion between the bulb and that jiart of the pyrometer which can be 
water-cooled ; thence connection is by platinum or other suitable wires. 

A description has appeared 1 of the Thwing pyrometer, the operat¬ 
ing principle of which is the measurement of the total energy of radia¬ 
tion by means of the current generated in a sensitive thermo couple by 
the radiation concentrated upon it. A conical mirror is employed for 
concentrating the radiation, and, in fact, to do away with the loss of 
time required for focussing and eliminating the error due to inaccurate 
focussing. The instrument is especially adapted for measuring the 
temperatures in open-hearth furnaces, and the range of temperature 
is unlimited in either direction. 

In a lecture before the Sheffield branch of the British Foundry- 
men’s Association, 0. E. Foster 3 dwelt on the importance and value 
of inexpensive pyrometers for industrial use. 

(j. A. Shook 3 deals with radiation pyrometry and enunciates the 
laws of black body radiation. The total radiant energy emitted from 
a black body is proportional to the fourth power of the absolute 
temperature, or J = KT* when K is a constant. Equations are also 
given, showing the relation between the temperature and the 
logarithm of the energy. Such an equation may be applied to any 
pyrometer using monochromatic light in which the luminous intensity 
can be varied in a continuous and determinate manner. 

• 

Heat Value of Fuel. — J. G. A. Uhodin 4 deals with the determina¬ 
tion of the calorific value of fuel, and compares the results obtained 
by means of calorimetric determinations and ultimate analyses. 
Suggestions for the carrying out of calorimetric tests are giveu. 

Surface Combustion Experiments. —J- K C. Kershaw 4 de¬ 
scribes a new method of using gaseous fuel for beating and steam- 
raising purposes, based on the old discovery by Sir Humphry Ihivy, 
that under certain conditions a mixture of a combustible gas and air, 
when forced into contact with a heated porous and refractory material 
or metal, could be burned without the production of any flame, yet with 
t he maintenance of n very high temperature. W. A. Bone and C, D. 
McCourt have made experiments in this direction, and succeeded in 
obtaining fuel efficiencies equal to 95 per cent, of the actual heat value 
of the fued gas used. An illustrated description is given of a simple form 
of apparatus for applying surface combustion to heating purposes. A 

l Iron Age , vot Ixxxvui. p. 373. 

* Foundry Trade Journal, vul. xlv. pp. 14-15. 

* Metallurgical and Chemical engineering, vot x. pp. 238-3M0. 

* Engineer, vot cxiii. pp. 315-316. 

* Metallurgical oad Chemical Engineering, vol. ix. pp. 628-630. 
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feed-mixing chamber is provided, through which gas and air pass. 
The amount of air used is in slight excess of that required for complete 
combustion of the gas. The mixture is forced into the mixing chamber 
and through the diaphragm, at the surface of which combustion occurs. 
The success of the method depends on the prevention of “ backfiring " 
and the choice of a suitable refractory material. The gns-tnixturu 
hums without flame at the surface of the diaphragm, and maintains 
it in a high state of incandescence. Illustrations are given of the 
application of surface combustion to the heating of a muffle furnace 
and a crucible furnace. A charge of cast iron can be melted in one of 
these crucibles in ten minutes, storting with cold motid, the only 
temperature limit imposed being that of the melting- or decomposing- 
point of the refractory materials employed. Carborundum, which is 
widely used for furunce linings, and is considered highly refractory, is 
decomposed quickly into carbon dioxide and silica, in the interior of 
these furnaces, indicating that a temperature of 2000“ C. has been 
approached. 


Bone's Surface-combustion Boiler.— The experimental boiler 
used by W. A. Bone in his experiments on surface-combustion at 
Leeds University is describes] and illustrated. 1 Based upon these 
experiments, a boiler has been constructed for the Skiun ingrove Iron 
Company', which is also described. It is 10 feet diameter by 4 feet 
long, and contains 110 tabes of 3 inches diameter. It is fired with 
waste coke-oven gM drawn in by a fan producing suction equal to 
20 inches of water. The gases escape to the atmosphere without a 
chimney. 

A modification of the same steam generator is also illustrated 
and described.* With cool gas of u calorific value of 560 British 
thermal units per cubic foot, using 100 cubic feet per hour and air for 
complete combustion, and generating steam of 120 lbs. jier square inch 
pressure, the waste gases were 240° C., and when leaving the feed 
heater 95° C. The thermal efficiency of the boiler and heater exceeded 
92 per cent., reckoned on the net calorific value of the gas, and the 
rate of evaporation exceeded 21 lbs. per square foot of heating surface 
per hour. 


Utilisation of Low grade Fuel.— Bufcnr* and DobbeLtein have 
presented further reports on their investigation of the value of low- 
grade fuel, giving results obtained hv the gasifying of the small waste 
coke from coke-oven plants in gas-producers with stationary grates. 


Carbon Dioxide Recorders.—E. A. Uehling* describes a con¬ 
tinuous carbon dioxide and temperature recorder and its application 

l I'truer, voL hit. pp. 80-81. 
a Mechanical Enfinite, to!. rail. pp. 105-106. 
a illuckamf. Tol iItiiL pp. 1-15. 

4 1 'oper presented at the joint meeting of the American Chemical Society, the 
American Electrochemical Society, and the Society of Chemical Industry; AfeJalturvical 
and Chemical Engtnctnmf, »oL u. pp. 666-tiVJ. 081. 
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for the purpose of ascertaining the efficiency of combustion. A numiier 
of furmulo are given for determining the heat carried off by the flue 
gasp- The recorder consist.- of a curlmii dioxide and temperature 
measuring machine connected by a -moll copper tubing to n standard 
type l T eh ling pressure and vacuum recorder, properly calibrated for 
carlwu dioxide and temperature. 

E. Muller 1 describes an automatic arrangement for the measure¬ 
ment of the carbon dioxide in flue gases. The principle of the apparatus 
consists in measuring the amount of heat developed in the absorption 
of carbon dioxide bv potash liquor. The rise in temperature is ascer¬ 
tained by means of a thermo-electric couple. 

Measuring Flue Gas Temperatures.— A method has been 
devised for the rapid determination of the tern | tern tores of flue gases 
from boiler and other furnaces by means of pendants of fusible alloys 
of different compositions, which melt at different ranges of temperature 
when suspended in the flues, 4 

Measurement of Density of Smoke.—J. S. Owens 11 describes u 
new method of mensuriug the density of smoke by com|iariug the 
opacity of the smoke with that of calibrated smoked glasses. Smoke 
density is defined as the amount of soot per unit volume. By careful 
construction nn instrument can be made which gives a fair’ 1st sis of 
comparison with a standard density. 


II. — COAL 

Origin of Coal. --At a congress of German naturalists, Engler* 
pointed out the importance of the decaying processes in the formation 
ot TOnl and js'troleum, both being products of sulwtances which hud no 
sufficient supply of oxygen to decompose completely iutn volatile pro¬ 
ducts. Instead of such decomposition a pctrifuctiou took place, with 
the result that -mall quantities of volatile products were formed, while 
the hulk of the matter was left in the shape of coal and petroleum or 
bitumen, according to the nature of the original organic substance. 

•I. Sim, • in dealing with the geology of coal, discusses the ** in situ " 
and ••drift" theories of origin. 

Glockner ' has examined the brown-con! formations of the Southern 
Lumriu with the object of investigating their origin. The theories 
and researches of previous authors are quoted. 

' 7.titukrift Jn Verrints dtufetrr fnrninrt. voL 1». pp. 21fl» 2173. 

, Tradr JhvifW, voL xl.x. p. 794. 

nrfvrt tf tkt firililk Anvciatisn for tkt Advatcrmrnt at'S. inter. l'Jtl. p. ISO, 

: nt,»ir*m A'n ictv, vul. rrr. p. *U3. 

- ;iP CT . rMl t before the Scottish Federated Institute of Mlninc Studenii ; /nm aid 
«>1. lorir. pp. 36S-30U. 

Hratenke/Mt, January 19. 19X2, pp. CCl-tjCS, G77-GS5, G93-703, 709-712. 

1912.—i. 2u 
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P. Kruscli 1 discusses the geological conditions and origin of the 
coal-bed* near Btockheim, in Germany. From the fact that the coal 
deteriorates in a very marked degree as its depth increases, the 
conclusion is deduced that the deposits are of allochthonic origin. 

Geology Of CoaL —T. Coventry 1 deals with the peculiar geological 
conditions that exist at the mines of the Charley Coal Mines Pro¬ 
prietary. Ltd.. Queensland, Australia. 

A. A. Steel s describes the position, geology, and extent of the coal¬ 
fields of Arkansas. 

Composition of CoaL —C. Catlett 4 describes the occurrence 
of evansite (A1 (1 1\,0 U 18Aq) in coal obtained from the Big Seam, 
Columbia, Alabama. An analysis of this substance showed it,to con¬ 
tain 10'33 per cent, of ph<»sphorie anhydride and 36'33 of alumina, 
with traces of silica and n considerable quantity of lime and magnesia. 
One form in which phosphorus occurs in coal is evidently as a hydrated 
phosphate of aluminium; and any coal which shows the presence of 
a light-coloured resinous-looking material should be looked on with 
suspicion as being high in phosphorus. 

J. A. P. Crisfield 5 discusses the objectionable effect of moisture in 
coal and coke. Some kinds of coal absorb moisture more readily tbau 
others, experiments showing that the quantity of water removed from 
wet coal by evaporation during ten days' exposure in a normal atmos¬ 
phere of 70° F. amounted to 14'6 per cent, of weight of the coal in 
one cast;. The author describes a works apparatus for determining 
moisture in fuel in which a sample is dried at 230° F., and the water is 
recovered in the liquid form and measured. One pound of the coal or 
coke is weighed into a jacketed tube provided with a screw-plug at each 
end, and steam under a definite pressure (corresponding to the tempera¬ 
ture it is desired to use, preferably 230° F.) is passed through the jacket. 
The water vapour expelled from the coal or coke passes over and is con- 
densed in a graduated glass tube surrounded by a cooling jacket; the 
graduations are so arranged that, they can be read off directly. Deter¬ 
minations made with samples of dried coke to which definite quantities 
of water were added showed that the upjtaiatns gives concordant 
results which are 0’13 per cent, lower than the true values. The 
apparatus can also be used for the determination of moisture in ores, 
and of water and light oils in tor. 

F. F. Grout 0 discusses the relation of texture to the composition of 
cool, giving field notes and analyses of seven .samples. 

W. 1). Ilornaday 7 discusses the composition of the cools and lijniitos 
of Texas. 

» Glnekanf. voL xlrii. pp. lSKVlfiOO. 

* Mines and Mineral!, vot mil pp. 273-275. * tUd. , pp, 205-207. 

• Bulletin of the America* /intitule of Mining Engineer,. 1911, p. 901. 

* Journal of the Franklin Institute, voL dtxu. pp. 495 502. 

« Economic Geology. Au#uit 1 til 1. 

• Mininf and Engineering World. toL xxxv. pp. 970-971. 
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Coal in Austria. — Panek 1 continues his description of the coal 
region of Kos>itr-ZbcHohaiiOlnwn nnd of the development work that 
has already been carried out. Various collieries are now actively at 
work in these coal-fields. The district is also described by F. Franz. 4 


Coal in Bulgaria. —The coal deposits of Bulgaria are described by 
A. Blaxy.® Tin* cool field exists in the Balkans at (iabrova, which is 
worked by a Belgian Society. The coal-field will shortly be linked up 
by rail to the main railway system. An analysis of coal from the 
principal seam at these mines shows the following composition :— 

Per Cent. 


Fixed carbon . ,.58H 

Volatile matter.2035 

Moisture . .|f 

Ash.Oil 


The calorific value is 01106. The annual production from Bulgarian 
mines was returned in 1910 at 200,000 tons. Most of the cools are of 
a “tertiary lignite origin. 


Coal in Prance. —C. Barrois * deals wit h the region of the coal 
deposits in the Nord conl-fiold, and describes the geological conditions 
which have led to the deposition of the seams. 


S Coal in Germany. —G. Fliegel 5 describes the geology of the 
ne and, in particular, that of the Cologue region, with special 
rence to the occurrence of lignite. A tuup is given of the 
cipul faults, and the tectonic movements of the field are deduced 

therefrom. 

Kukuk* deals in a similar manner with the lower Rhenish coal¬ 
field and the V\ estphaliun coal-field ; while W. Wunstorf * deals with 
the productive coal-fields of the same region and of tiro Meuse. 


Coal in Servia. —A. Bhuy* gives an account of the iron ore 
resources of Servia.. On the hanks of the Danube, and opposite to the 
Drenkova mines in Hungary, are the Dobra mines, where three coal- 
seams are worked by a Belgian Company. The composition of the 

coal is as follows;— 


Per Cent. 

Carbon.77-58 

Hydrogen.4'tl 

Oxygen and nitrogen ..... 12-28 

Moisture ........ 2-05 

Ash.2158 


n f %‘ , f rTr,r kin he /.athknft, voL lx. pp. 35-57. 50-52. 

» ML, pv 57-00, 75-70. 

-Wwiiu ft Camttr Rtniu it la SecUU its Ingrniturt Civic it Franct, 1911, 
I' PPL 222-2-38. 

.. 1*1“^ trad licfore the International Congress of Mining, Metallurgy, Applied 
Mechanics, and Practical Geology. Dusreldcef; Bulletin it U Saci/tf it f/nJnilrir 
■''•'•trait. Series IV. vol. xv. pp. 281-282. 

‘ IhJ,. p,,. -.Tiv-ra. « /hi.. pp. 272-273. * /^i., pp 27r,-2sn. 

Alt maim ti Cam fit Renin it la SacUUitc login lean Civile it Franct, 1911, Part 1. 
PP- 317-222 
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The calorific value is 7000 calories, and the coke yields M'Si per cent, 
of coke. On the line from Belgrade to Xu eh the Cenjo mines occur. 
Here the deposit* are of brown-coal intermediate between ordinary 
coal and lignite. The deposits are of interest geologically, and the 
composition of the coal is as follows :— 


Pm Cent. 

Carbon .S8'1J 

Hydrogen.3T8 

Oxygen and nitrogen ..... 20T3 

Muisture. . 13’92 

Aih ..... . .... TsC, 


The coke yield is 46’88 per cent, and the calorific value 4910 calories. 
Another important coal-field is that of Nichava, which is worker! by a 
French Company. The coal is somewhat high in ash. 1V85 per cent-, 
and' the carbon amounts to 58-4 per cent. It has a coke yield of 
48 - 88 per cent., and the calorific value of coul when dry i* 5460 
calories Other deposits exist in the Timok Yulley and at Zajecar. 
The output of coal from Servian mines in 1908 amounted to 293,125 
tons, of which 179,098 tons were brown-coal. 

Coal in Turkey. —Particulars are given * regarding the coal 
deposits in Turkey. The principal coal-fields are on the southern 
Black Sea coast., about 130 miles distant from Constantinople, and 
extend from Hemclea on the west to Filios on the east, a coast-line of 
about forty miles. These coal-fields are civil-list property, permission 
to work them being given only to Ottoman subjects. The most 
important of the mines is worked by the Heraclea Coal Company. 
Besides this well-known coal-field there are known to exist in 
Turkey several other deposits of importance, which have never been 
worked owing to lack of transport facilities. 

Coal in Burma. — M. Stuart 1 describes the geology of the Ilonzndn 
district of Burma. Coal occurs in the basal sandstone series of the 
eastern region. It is seen in outcrops, and the seam has been much 
shifted and affected by tbe faulting which ha* token place in this 
region. The chief outcrops are at. Ponugyi, Kywezin, Hlemuuk, and 
Kyibin. The Posugyi seam varies from 20 inches to 6 inches in 
thickness. Owing to the thinness of the seam, tbe steepness of its 
dip, and the contortion of the surrounding rocks, tbe occurrence does 
not appear to be of any economic value. The Kywezin ontemp is by 
far the most promising in the district. The coal crops out in the 
Xipasi stream, some six miles fmm Kywezin, nnd is also met with In 
the Theye stream, just to the north of the Nipaa stream. The seam 
appears to lm about 10 feet in total thickness. The difficulties of 
working the coal aie many. The coal itself is much slickensided. and 
lias evidently been subjected to much crushing and movement, which is 
the probable explanation of the high percentage of fixed carbon that it 
contains. The country in which the seam occurs is much contorted 

• Hoard *f Trade Journal, vol. txxv. pp. 224 22ft. 

s Knerdi ef the Geological Surrey of India, vol. xli. pp. 2-40 2G5. 
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and composed of exceedingly hurl rock, often indurated with silica, 
itud consequently the cost of sinking a shaft would be considerable. 
The seam in the Hlemauk outcrop is only ‘20 inches in thickness, and 
the coal is of very poor quality. It contains a very large percentage 
of iron pyrites. North of the village of Kyibin is a thin hand of im¬ 
pure carbonaceous shale, which appears to he the same seam which 
crops out at Hlemauk, but, if so, it is here very much mure impure and 
is quite worthless. 

Coal in China- —T. T. Head * discusses the coal resources of 
( Lina. A conservative estimate of the present production is 
13,Out),000 tons annually, notwithstanding that the resources are 
capable of enormous development. Analyses are-given of coals from 
busluin in the Manchurian coal-field, where the intimated resources 
are given as 800,000,000 tou-. and of coals from Chili, where the 
production in 1909 amounted to 2,090,000 tons. Valuable coal-beds, 
estimated to contain over 22,000,000 tons per square mile of workable 
area, occur in Shnnsi. Both bituminous and semi-anthrucite coal exist 
in thus province, the coals being of high grade and, us shown by the 
analyses, low in ash and high in fixed carbon. A bibliography relating 
to the occurrence and mining of coal in China is given. 

Coal in India. —According to E, H. 1’ascoe, 3 seams of coni of 
some importance have been discovered in the Namchik Valiev, Upper 
Assam. The locality is three days’ journey by boat up the Diking 
river ^from Margheritn. The seams were found in a small tributary of 
the Nnmchik about half a mile above its mouth. About 60 feet of 
coal is ex|seed here in five groups of seams. The cool is of excellent 
quality, aud probably corresponds in horizon to that at Mnrgkerita 
and Ledo, which it resembles. The strata evidently belong to the 
1 ertiarv “ Coal Measures" of Assam. The total thickness of coal is 
60 feet, of which 5 to 6 feet is of poor quality, all of this occurring 
within a thickness of about 360 feet of strata. 


C04l in Malay States. —In a report* on the mineral industry of 
the rederated Malay States it is stated that coal has been discovered 
in the bed of a small stream in the state of Selangor. The results of 
operations show that the seam extend- for more than half a mile. 
Several analyses have been mode of the coal, and the tests show that 
it lias a high percentage of moisture, n low percentage of fixed carbon, 
and a low percentage of ash. 


Coal in the Philippines. —w. I). Smith* reports on the coal 
resources of the Philippine Islands. The geological structure of 
these islands is such as to introduce mnny difficulties into the prufit- 

1 Hullttin of ikt Amtritan /ftjft'Mf of Mining Hnginttri, 1012. pp. 210 513. 

Itteardi of ikt Gtvlogi.a! Surity of Indio, rot xii. pp. 211 316. 

Iron and Coal 'Tradti Rtittlr. vol. Ixxxiil. p. Hofi. 

4 Huron of Science, Manila; Iron and Leal Tradti A ‘ecitte. voL luxiv. p. 3. 
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able exploitation of the coal-fields. Everywhere the strata are folded 
and faulted, and in many places shattered by earthquakes. Land¬ 
slides are of frequent occurrence, because of steep slopes and excessive 
rainfall. The roofs of the seams are rarely found to be firm enough 
to stand without timbering. The geology is similar in many respects 
to that of the neighbouring islands of Formosa, Borneo, Java, and 
Japan. 


Coal in Nigeria — It is stated 1 that a further examination hits 
been mado of the exteusive coal deposits at Udi in Southern Nigeria, 
which are found to stretch more than fifty miles to the north of that 
place. The tests carried out by the Government and the analyses at 
the Imperial Institute have proved that the surface samples give 
results equal to two-thirds those of the best Welsh coal. The lignite 
deposits to the west of the Niger ure also very valuable, and those at 
Okpaimm, only ten miles from Asa bn, the Niger port opposite Onitsha, 
vary from 15 to 20 feet in thickness. 


Coal in the Transvaal —j F. K. Brown s describes the coal-field 
of the Transvaal. The two main coul fields at present being exploited 
in South Africa are in the Transvaal and in Natal. There is, how¬ 
ever, a third relatively important district in Cape Colony called the 
Stormberg coal-field, but the quality of the coal nnd the working 
conditions are such as to preclude all idea of Stormberg becoming the 
centre of an important cool district. All three coal fields ore in what 
is known in South African geology as the Karroo system, which, 
although it is taken as corresponding approximately to the Carboni¬ 
ferous system of British geologists, is slightly younger in age. Permo- 
Carboniferous is the correct designation. In the Transvaal coal-field, 
as it is at present developed, two main districts are being worked, 
namely, the Springs, thirty miles from Johannesburg, and the Witbank, 
or Middelburg, eighty miles from Johannesburg. Witbank is the 
centre of the Middelburg district, and in nnd around this town there 
are situated about nine of the largest collieries in the Transvaal. 
Only one main seam of coal is worked, although four fairly workable 
seams are known to exist. No evidence has yet been collected suffi¬ 
cient to onnble any correlation of the strata to be made between the 
different points where the existence of seams has been proved. 
Therefore, although the seams worked j n the Transvaal vary from 
20 feet around Witbank to 6 or 7 feet, or even less, in other districts, 
it is not possible to say how these different workings are relate*! to 
each other, miles of country in many cases lying Isstweeu them. The 
results of the analysis of the Transvaal coals go to show that in quality 
they do not approach the fuels produced in the British coal fields ; tbev 
are lower in heating power ami higher in ash content. A number of 


• Heard ef TntJt /anrnal. voi- Inv. p. 002 
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average analyses ore given below, taken from figures obtained on the 
ground:— 



Fixed 

Carbon. 

Volatile 

Matters. 

Ash. 

Moisture. 

Sulphur. 

Calorific 

Value. 

1 

Per Cent 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

64■70 

23 4ft 

906 

1 78 

<J-ftO 

12 46 

‘i 

50'Oft 

80-02 

1010 

1-80 

1-38- 

1210 

3 

6372 

23 46 

1HW 

174 

070 

12-33 

4 

68-18 

28-28 

9iW 

1-60 

075 

12 40 

5 

50-60 

3375 

14 62 

2-23 

070 

1312 


Coal in Canada J. McKvoy 1 describes the c«tl deposits in the 
Brule Luke region of Alberta. They ure situated on the east side of 
Bride I-nke, on the main line of the Grand Trunk Pacific Railway, 
about 197 miles distant westward from Edmonton. Two claims have 
been staked, tho Round claim containing 2560 acres and the Drinnan 
claim about 2500 acres. The total available coal within a depth of 
2000 feet in the Rouud claim is estimated at 1 tj j million toils. No 
particulars are available of the quantity of coal on the Dr innan claim 
as the surface-covering is very deep and tho coal does not outcrop. 
Analyse- show the coal to be a very high-grade bituminous one, but 
with suflicieut volatile matter to make it burn freely, aud it is parti¬ 
cularly well suited for locomotive and general steam use. 

G. S. M.dlnch - furnishes the following notes on the new coal-field 
at Groundhog Basin, Skoena County, British Columbia. The coal- 
measures, go far as known, have u north-westward extent of at least 
seventy miles and u width at the southern end of thirty miles. The sedi¬ 
ments have a thickness of upwards of 3004) feet, but contain cool in 
commercial quantities near the top aud bottom only, though there are 
a few thin seams in the intermediate Iteds. The upper horizon con¬ 
tains seven seams with thicknesses varying from 2 to 6 feet, and, so 
. j* r “ known, is limited to an area of twenty square miles. The lower 
horizon contains at least three seams 4 to 6 feet thick, and extends 
over roost of the area occupied by the coal-measures. This coal is 
anthracitic iu character. .Some of the seams are high in ash, but 
from one of them some excellent unulyses have been obtained. The 
basin is faulted considerably, and there are numerous local flexures 
associated with the faults. 

_ R. R lledley 1 describes the Copper River coal-field in the Skeena 
district of ltritish Columbia. 

Coal in the United States. — W. W. Atwood 4 describes the cool 
resources of the Alaska peninsula. The best-known outcrops iu the 

1 Canadian Minim g Journal. voL xxxiii. pp. 155-158. 
s Tmmaetiimt of Mr CaaaJian Miming Inititute, voL xv. Part t. 
i ' Address before the Western Branch of the Canadian Mining Institute, February 15, 
IU12; Canadian Mining Journal, voL xxxiii. pp. 207-208. 

4 United Slain Geological Snr-.ey, Bulletin No 407. pp. 96-120. 
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Herendeen coal-field are near the head of Coal Valley and in the 
valley of Mine Creek. Coal is also exposed near the head of the next 
valley east of Coal Valley and at several places about tho margin of 
the volcanic luff* farther east, while still other outcrops have been 
reported in tributaries of Lawrence Creek. The main coal-measures 
outcrop ou the east shore of Herendeen Bay. about five miles north of 
Mine Harbour, iu a locality known as Coal Bluff. Two beds of 
lignite have been found ou the north const of the coal-bearing 
peninsula, about nine miles east of Point Divide, and several other seams 
of lignite are exposed on the west shore of Herendeen Bay. In the 
Chignik coal field the formation that contains the bituminous coal is of 
Upper Cretaceous age. The developed fields are at Chiguik River, 
Whalers Creek, Thompson River, and north-west of Hook Bay. At 
Cool Harbour the coal-measures are of Eocene nge, and are a portion 
of the Kenai formation. All the coal seen in this field is lignite in 
character, and though seams are numerous most of them are too thin 
to be of commercial value. 

W. L. Fisher 1 records his observations on the Alaskan coal-field 
mode on the occasion of an extensive journey through that territory. 
The coal is of great vnlue, but its extent and character have been 
exaggerated Much lignite and low-grade bituminous cool exists, but 
there are only two known fields of high-grade coal iu Alaska—the 
Bering River field and the Matauuska. There is at present no 
available anthracite on the Pacific Coast except tlmt of Alaska, so 
that an immediate demand might he anticipated for this kind of coal. 
The Matanuska coal-field has an area of seventy-four square miles, hut 
its situation handicaps its development owing to the want of adequate 
transportation from tide-water to the Yukon. 

S. R. Capps 8 describes the coul deposits of the Bonnifield region of 
Alaska. 

J. B. Dilworth* give* an account of the Black Mountain district in 
South east Kentucky. The area of the coal-field is approximately twenty 
miles long by eight miles broad, and its distance from the great Indus 
trial centres of the Atlantic sea-bo«rd aud the Mississippi Valley, and 
its lack of rail and river transport, have prevented its resources from 
being practically developed. A description of the various beds is given. 
Chemically, the coals of the Black Mountain district are verv pure, 
and are useful as gas and coking fuel*. Analyses show them to eon 
tain from 36 00 to 39 19 per cent, of volatile matter with 53 4 to 
58-92 per cent, of fixed carbon. The ash varies, being iu some of tho 
coals a» low as 2 29. but rising in some of the eastern varieties to as 
high as 10*21. The sulphur varies from 0-65 to 127, hut with wash¬ 
ing this could be considerably reduced. Calorimeter tests of carefully- 
selected samples from the best bed.* show about 14,000 British 


CoD * T “- ° ctoberJ7 ' Wl*; , 

« Unu/sutti i**Ugual Suritj, Bmllttin No. ibo. pp. 231 235 
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thermal unit* per lb. of ml. Physically, the orals are hard, lumpy, 
and of the block type. 

A. B. Iteagan 1 describes the cool resources of the Jemer- 
Albuquerqno region in New Mexico. 

B. W. Shaw 1 describes the goology of the coal deposits of the Fox- 
burg Quadrangle, Pennsylvania. Most of the coal-beds belong to the 
Allegheny formation. Ail estimate of the average thickness of coal 
in this regiou indicates that no le**-* than one-fourteenth of the total 
volume of the formation consists of cuul. Four beds are known to be 
workable over considerable areas. These are the Lower Clarion, 
Luwcr Kittanning, Lower Freeport, and Upper Freeport On the 
whole the coals are of good quality, but partly on account of sulphur 
and other impurities they are of little value for coking purposes. 

E. E. Smith * investigates the diameter, quality, and relat ive 
values of the cools of the State of Washiugton. 

Coal in Australia -L C. Ball * 1ms published a map and a 
detailed description of the Mount Mulligan coal-field in Queensland, 
its geology, deposits, und development. 

Peat— C. A. Davis* estimates that there are 11.200 square miles 
of pout-beds in the United States which contain 13,000 million tons 
of workable peat. The author refers to previous attempts to utilise 
these peat deposits, and gives particulars of the experimental work 
of the Canadian Department of Mines, and of the latest methods 
employed in Canada for the economical development of the pent 
deposits in that country. The preparation of peat for the production 
of peat-gas is considered, and it i* stated that with pent delivered at 
the producer at 8s. 6d. per ton, a horse power year costs about 3ls. Od. 

A description is given * of the Strenge machine for the cutting, 
mixing, pressing, and spreading of peut. 


III. — CHARCOAL. 

By product Recovery in the Distillation of Wood.— H. Berg¬ 
strom * discusses the method of recovering tar, turpentine, acetic acid, 
and volatile* oils, in the process of the manufacture of charcoal. 

Spontaneous Combustion of Charcoal —An interesting account 
i# given * of the results of experiments made to ascertain the suscepti- 

1 Mining aud Engineering H'urld, vol. »«*i. p. 23. 

* United Staff i Geological Sarny. Bulletin No. 454. pp. 40-66. * IHd., No. 474. 

* Qureiuiand Gutnmment Mining faunal, August ifi, 1911. 

* United State j Bureau of Minei. Bulletin No. Ifi; Power, voL xrxiv. cp. 915-917. 

* Genie Civil, vol. lx. p. 94. 

1 I'armlindlia Berrimauafomingeni Annaler, 1911. pp. 93-100; Stakl und Bum, 
vol. xxxii. p. 540. 

* Xational Physical Laboratory. Annual Report fur 1911, p. 80. 
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bility of charcoal to undergo spontaneous combustion. In these 
experiments 1 cubic foot of charcoal was exposed in an electrically- 
heated oven to temperatures which were kept constant within 1° C. 
by means of thermo-couples. An air space of about 3 inches was 
provided all round the charcoal, and the observations wero made 
both with the oven kept tightly closed and with the charcoal exposed 
to air currents of regulated velocity. It was found that when flake 
charcoal was heated in currents of air varying from 5 to 62 cubic feet 
per minute for 1 cubic foot of charcoal, ignition occurred at tempera¬ 
tures of 96° to 110° C., but that at lower temperatures there were no 
indications of spontaneous heating. Exposure of the chnreual to a 
current of air containing 5 per cent of sulphur dioxide caused 
spontaneous ignition to take place in the course of a few hours. 


rv. — COKE. 


Chemistry of Coke. In a contribution to the chemistry of coke, 
\Y. llempel and F. I.ierg show that coke contains filicides, which 
account for its hardness, and they also suggest that the presence of 
finely divided silica Irns much to do with the formation of coke: the 
silica being reduced, with formation of carborundum and ferro-silicon. 
It is also shown tbut part of the silicon in coke is combined with 
iron or carbon. The determination of nitrogen bv burning the coke 
in a current of oxygen, and then analysing the mixture of oxvgen. 
carbon dioxide, and nitrogen formed, yielded higher results'than 
Ejeldahl s method, in some cases double the amount of nitrogen being 
found. Inorganic constituents play an important part in the forma 
tiou of coke, and it should therefore be nossihle. bv uUis> «..irable 
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Coke Manufacture.— j. L- Sherrick 1 deals at length with the 
manufacture of bee-hive oven coke, and gives tables showing the 
analyses of cool and the resultant coke, and the chemical require¬ 
ments for the various kinds of coke. 

C. Still : discusses modern coking practice, including the treatment 
of coke-oven gases for the recovery of by-products, tbe constitution of 
the gases, and their value as a source of power and lighting. 

B. J. Goodin* discusses the characteristics of the coke made in 
the Pittsburg district, the types of ovens used, their design, and 
methods of operation. 

By-product Coke-Ovens —A description is given 4 of the coking 
and by-product plant at the Dirley Collieries, .Sheffield. Tho ovens 
are of the latest Semet-Solvay type. There are fifty ovens in oj>era- 
tion, arranged in two batteries, and eight additional ovens in course 
of construction. The by-produet plant provides for the recovery of tar 
and ammonia, but is now being altered to the direct-recovery .'j stem. 

Wagner 6 describes modern coke-oven installations with by-product 
recovery, making special reference to the indirect process for the re¬ 
covery of ammonia and tar. 

An illustrated description is given * of the Simon-Carves by-product 
direct-recovery process. 

The recovery of lien/.eue from coke-oven gases is dealt with,” and a 
review of the industry is given together with a description of the 
apparatus used. 

By product Coke-oven Practice. — II. Clillon* describes the 
precautions necessary in starting and stopping by-product cuke 
furnaces. The drying and heating up of a battery of by-product 
coke-ovens is a delicate operation, and requires to be carried oat in 
a gradual and uniform manner in order to avoid cracking of tbe bricks 
and of the joints. The best method of lighting up, charging, and 
working the coke-ovens is described. In shutting down, circum¬ 
stances have been taken into consideration os regards the length of 
the stoppage contemplated, and every precaution must be taken to 
avoid the entry of air, with the resulting risk of explosion when re¬ 
commencing work. Special precautions are also indicated when it is 
required to let the whole installation out. 

Coke-oven Accessories. —A description* has appeared of a com¬ 
bined coke pusher and leveller, recently put into operation at the 

1 /ns Tra.it Ursine, vot L pp. 

8 Gtkikam/, vol. ilviu pp. IM1M51T. 1&4U1668. 1600-1008 

1 Pteper rrad before the Pittsburgh Foundry men's Association. December 4, 1911; 
ifyn Trad* A 'nurur, vol. xlix. pp. 1051-1062- 

4 from amd Com! Trades Review, voJ. Lexxtv. pp. 48-49. 

8 Hergbau. January 11. 1912. pp- 13-18, 4&-4S. 

* frvn and Coal Trades Review, vol, lmit, pp. 98-99. 

7 Chemieal Engineer, vol. xiv. p. 448. 

■ Revue Universe lie des Mints, Series IV. voL xxxviii. pp. 106 110. 

8 frv* Trade Review, vol. L p. 390. 
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TfliuiMHW Cool, Iron* and Railroad Company’s coke-oven plant at 
Cory, Alalittnia. 

A description ii given * of the electrical equipment of the Hoppers 
by-product coke-oven installation at Gary, Indiana. 


Coke oven GaB for Heating Open hearth Furnaces —A. P. 

-Scott* describee the use of coke-oven gases for beating open-hearth 
furnaces. Recent work in this direction is reviewed, and the results 
obtained at Kattowitr, Huliertushiitte, Seraing, and Sydney, British 
Columbia, are criticised. Most of the evidence serves to show that the 
most economical method for the disposal of the surplus gas of the 
by-product coke-oven is to utilise it as a fuel in the open-hearth 
furnace, and it has been Hhown to be perfectly practicable to use the 
gas either done or mixed with producer gas. The furnace tonnage is 
increased, and the furnace life is not materially impaired. Recorded 
experience in this direction seems to he confined to Kattowits and 
Seraing. It is unfortunate that the method employed at Huber¬ 
ts dm tte for introducing the oven gas into the furm.ee has not been 
described, hut it is understood that the mixing of the two gases is re¬ 
garded as essential fro... the point of view of safety, the producer gas 
be.ng lighted first and the oven gas introduced subsequently into tlm 
current of producer gas Against these two successes must he placod 
the failure recorded at the works of the Dominion Iron A Steel Com¬ 
pany at Sydney, the causes of which are discussed. 

O. SimmersUich ’ deals with the utilisation of coke-oven gas or a 
nurture of this and blast-furnace gases in the open-heurth furnace 
during the production of steel. It is claimed that- 

(u) A higher working temperature is produced, and hence a greater 

(6) More uniform combustion obtains, which means less waste of 
gaseous fuel. 

(e) There is no need for a producer plant. 

(<l) Fewer repairs an. need.d for the furnace top 

(') The 0 °ko-oven gas is much cheaper tlian producer gas. 


V —LIQUID FUEL. 

Origin of PetTOleiim. -E. Ooste* points out some of the "colo-dcal 
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organism? from which no petroleum could possibly at any time be 
produced ; and, on the .other hand, petroleums us a general rule are 
not associated with fossils, which are found everywhere and in strata 
of every age absolutely devoid of petroleum (except in very rare cases 
of subsequent infiltration and replacement). 

W. Ipatiew 1 has repeated Cloet’s experiments* with a view to 
throwing light on the mechanism of the formation of petroleum, and 
has investigated the products of the action of dilute hydrochloric acid 
on various kinds of cost iron. It is found that, in addition to hydro¬ 
gen, the gases contain a considerable amount of saturated hydrocarbons, 
hut only a small quantity of olefines. No saturated open-chain hydro¬ 
carbons are contained in the liquid products, but, only ethylene 
hyilrocarbons and tho higher fractions contain small amounts of what 
are probably polymetbylene hydrocarbons. The author inclines to the 
theory of the formation of petroleum according to the organic as 
oppose 1 to tho mineral hypothesis. 

C. Kngler 3 extends his theory of the formation of petroleum from 
organic remains, and refers to the results of his recent work in con¬ 
junction with Roiitalii and llnlmni regarding the formation of the 
different types of natural petroleum from a common source. 

Hirschi 4 considers that the hydrocarbon substances in the earth 
are derived from marine fauna which at some period were totally 
destroyed by the sudden eruption of gases due to submarine volcanic 
action. 

C. L. lireger 6 discusses the various theories put forward with regard 
to the origin of petroleum. 

Composition of Petroleum. —M. A. Bakusin 0 gives results 
obtained by fractionated distillation, showing the comparative com¬ 
position of corresponding classes of oil from different localities. 

I. C. Allen ' and \V. A. Jacobs give in a series of tables the results 
of the analysis of a large number of samples of petroleum from 
different oil-fields in the San Joaquin Valley, California. 

Oil-shale in Yorkshire. —According to J. B. Cohen 8 and C. P. 
Finn, analyses of u dark-brown semi solid material obtained from the 
Haigh Moor seam of the Hemsworth Collieries showed that the sub¬ 
stance consisted of a mixture of liquid and solid jiarntRns. 

Petroleum in Austria. —It Is stated * that the petroleum deposits 
of the Hloboda Kungorsko district of Galiciu are contain'd in deep 

1 Journal fkr fraitiseko Ckrmu. voL lxxxir. pp. 800-808. 

* Ccmptri Rendu:, toL Ixxviii. n. 1566. 

3 Pettvlr urn. VoL rii. pp. 399-403. 

4 Petroleum (Berlin). October IB, 1911. pp. 02-03. 

n Mining and Enxinrerinf World, roL xxxv. pp. 1219 1221, 1321-13-1. 

* Petroleum (Berlin), December30. 1911. fp. 2H8-S<9 

’ Department of Ih- Interior; Barren ./Hints. U.S.A.. BnlltUn No. 19, pp. 140. 

* Journal of the Society ef Chtmi.al Injmstry, vol xxxl pp. 12-H. 

’ Petroleum Review, trot xxv. p. 393. 
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layers of coarse-grained sandstone up to 100 feet in thickness, which 
envelope a saddle-shaped Vmse formed mainly of red schists of 
Eocene period. All geological indications at Sloboda point to a rich 
second petroleum stratum at a lower depth. 

Petroleum in Russia.— P. Stevens » and A. K. II. M'DonelP 

describe the development of the mineral oil industry of the Caucasus. 


Petroleum in Burma. —M. Stuart 2 revi.-ws the different series of 
rocks which crop out in the Heniada district of Burma from the point 
of view of their oil-bearing possibilities. 


Petroleum in China.— Engler 4 and Hoeirer describe tho petro¬ 
leum districts in China. Oil i. found in the province of Kan-su, at 
the base of the Nansehung mountains, an.l in the province of Schen-Si, 

about 100 miles south-west from the missionary station I [sia. .-techno 

and the town of Ning-tiao-ling. Sources of salt, water, gas. and 
petroleum have been known for a long time in the central part of the 
province of Sx-Tech wan, and it is reported th.it oil of an excellent 
quality is found at hu-toclmn-fu, on the River Min-ho. 


Petroleum in India.-C. E. Capita* describes the oil-wells of 
Assam. The hrot recorded discovery of petroleum in the Assam 
> alley was made in lH.o and borings were made in 1865 but were 
subsequently abandoned. By the construction of the Assam Railway 
trod lruding Companys line through the district in 1882 a fresh 
im,H tus was given to enterprise, and in 1888 an outcrop of oil was 
discovered at Ihgboi, eight miles north of the Bun Dehing, in the 
Tippam range, h.nce 1888 thirty wells have been sunk in 7Ids area 
to depth, varying from nOO to 2300 feet, and it is uni,,ue that although 

SSLJmL WrfSh h" 1 " W *'"* W, llg is ? et -^‘“usted. After 
P • V8 T 1 f, ' H, . Ur ‘'* an<1 «“****» formation of the 
d.Hfanet. the author pr.cee.ls to g,ve a full account of the method of 

ISJlT f’.l 16 dlfficuI, "; ! •'fcountcreil in boring loose strata 
an sand, and of the means employed for raising the oil. The chief 
trouble m working the wells is that, on account of the high per¬ 
centage of paraffin in the ad, the wells paraffin up, and the Ld not 
having u free outlet collects Mow th*» a _ . f 

Oil. The paraffin has to la, c W ^l out whf i :" 

long and tedious operation. Wlth a "“‘d-pump, which is a 


Petroleum in Canada —H w t » vr„„„ . . , . 

deposit, of oil-shale have »*«. traecd at D*r Lake,'In Newf '‘undlLd. 
« Board #/ Trait Uarnal, vol. L. p. dlIXV ' 
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for a distance of thirty miles. Analyses show that the shale contains 
a high percentage of oil. 

Petroleum in the United States. —W. \V. Atwood 1 describe* the 
petroleum resources of the Alaska peninsula. Petroleum is known 
to occur in the vicinity of Cold Bay, on the east side of the peninsula, 
near the southern entrance to Shelikof Strait. Some drilling lius 
hi'en done, but it his not proved cither the presence or the absence of 
oil of a commercial quality. It appears, however, that the geological 
data at hand wiimnt the continuation of investigations. 

The progress of the Californian oil industry is described by M. L. 
Keoua. 3 A new and important nil-held has been opened nut at 
Midway. This field 1ms produced the famous Like View gusher, 
which is credited with a total production of over H,000,000 barrels. 
The estimated production in 1910 of the Californian fields was 
75 , 000,000 barrels, hut tlm oil-producers of California as a whole 
did not apparently realise the real cost of production. 

A. F. Lucas * gives an account of the geology of tiho sulphur oil¬ 
field* of the Coastal Plain and the discovery of sulphur oil in that 
J egiou. The oil is heavily saturated with sulphuretted hydrogen and 
sulphur dioxide. Sulphurous gases are also obtained in the vicinity. 

It. L. Hlatchley 4 describes the Oakland City Oil-field, Pike County, 
Indiana. Tbo pool is approximately four miles long and two miles 
wide at its widest place. The oil was first produced in 1908. The 
average production is about 10 laurels a day per well, and there are 
201 producing wells. 

L. L \\ ittieh 1 deals with the history and geological conditions of 
the oil district of Oklahoma, and gives figures showing the quality and 
quantity of the output. 

M. J, Mann* describes the geology of the oil and gas fields of the 
Foxburg Quadrangle, Pennsylvania. He also describes 7 those of the 
Carnegie Quadrangle. 

O. 1>. James' 1 describes the Kan Juan oil-field in south-east Utah. 
The extent of the field has nut yet been determined, but may include 
the reservations of the Navajo and the Puh-Ute Indians in New 
Mexico and Arizona in the south, as well ns the country north thnmgh 
Mauh and in the direction of tho (ireen River. This region is prac¬ 
tically unexplored. The history of the oil discoveries may be traced 
buck as far as 1901, when samples from seepage* gave results of 
sufficient promise to lead to drilling. On account of the practically 

• ^ Slain Geological Sumy, Bulletin No 467, pp. 120-124. 

■ BulUtin yttu Amenta* Institute of Mining Engineers. 1912. pp. 377 38B. 

. AiMfeEi be/ore the New York Section of the Society of Chemical Industry, Decemher 
u», lull ; Metallurgical and Chemical Engineering, vol. x. pp. 80-82, 

Report ttf ffa Indiana Department ./ Geology and A ’at* ml Resunnes, 1910; 
an * Mining Journal, vol. xcii. p. 927. 

Mines and Minerals, vol. xxxti. pp. 291 294. 

Cm ted Slates Geological Snever. Bulletin No. 454. pp. 

’ !M.. Bulletin No. 45fl. 

Bngt steering and Mining Journal, tol. xcii. pp. 1082-10S4. 
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inaccessible situation of the lands, work was abandoned until 1907, 
when it was renewed further eastward and higher up stream, oil and 
water being reached at 170 to 220 feet More recently deeper wells 
have been sunk, the greatest depth being 1700 feet. The view is 
expressed that the Kan Juan oil-field is a deep-well field, and that 
3000-foot holes must be considered as a Iwsis of development. The 
geology of the region is described, and analysis of nil from the oil 
city wells shows 12 a per cent, of naphtha by volume; 21‘2 per cent, 
of light burning oil; 19 2 per cent, of heavy burning oil ;• 43 per cent, 
of heavy oils, and loss of 4'1 per cent, on coking. 

Petroleum in Argentina- —F. G. Hide' reports the discovery of 
petrolimm in the north of Argentina, which has been confirmed by 
the result of the < Joverument survey. The district in question lies to 
the north-east of Oran, in the province of Salta, and clone to the 
Bolivian frontier. The Department of Mines is satisfied that the 
petndenm field Is an extensive one, and that the oil is of good 
quality and near the surface. 

Petroleum in New Zealand — The geology of the petroleum- 
bearing regions of New Zealand is dealt with. 5 


Earth Temperatures in Oil Regions- —Geothermic measure¬ 
ments made by von Hofer 1 in oil-bearing strata show that in oil 
regions the intervals of depth at which the tempeiature rises 1° C. 
are unusually small, amounting only to 12 metres. 


Use of Liquid Fuel- J. Holden 4 gives an account of the appli¬ 
cation of liquid fuel to the locomotives of the Great Eastern Railway 
Company. Owing to the difficulty of disposing of the Ur produced at 
the btrntfnrd works of the < ompuny in the manufacture of gas for 
carrioge lighting, experiments were mode in 1885 with n view to it* 
utilisation for steam raising. In two years the requirements of oil 
Ur for locomotive firing had outgrown the supply from Stratford, and 
the purchases amounted, live years later, to 15,000 tons iwr annum. 
Liquid fuel, as compared with solid fuel, could only be made to p»v, 
however, fo long as the maximum price did not exceed by very much 
twice the current price of coni. The theoretical evaporative capacity 
ranged from 17 to 21 lbs. of water per lb. of fmd.aml the actual 
evaporation from 11 fl to 14 lb* of water, the evaporative efficiency 
betnj; from 6b to 72 per cent. A description of the oil-burning 
appliances is given. 

, K. G. Aston gives an account of liquid-fuel burning in the loco¬ 
motives of the Tehuantepec National Railroad of Mexico. He de- 
I Boardf Tnd, Journal «l. 1*„. p . COB; xol. tncrii. p. 255 

Klf,h Anmul Re ^ 
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scribes the facilities for handling and storing the oil, the methods of 
burning it, ami gives results taken from records of the monthly per¬ 
formances of locomotives. 

M W. Kerr deals 1 with the utilisation of oil os fuel in boiler 
furnaces, and discusses the main essentials fur the best results in 
burning the oil. 

L. Shackleton - discusses modern developments in the use of oil¬ 
engines and the advantages and disadvantages nf internnl-combtistion 
engines using crude oil, with special reference to engines for marine 
propulsion. 

H. K. Sett 3 discusses critically the IHesel engine and its modi lira- 
tions, ami considers some of the principles involved in the various 
methods of fuel injection. 

Storage of Petroleum F. W. Olitnjan 4 describes a large con¬ 
crete reservoir built at Cualingu, California, for the storage of 
petn ileum. 


Artificial Asphalt .— L. Per re net 5 describes the manufacture of 
artificial usphalt. A works for this purpose exists at C'ouvet, in 
Swit/erhind, in close proximity to the celebrated asphalt mines of the 
v al de Travers. The principle upon which the manufacture of artificial 
asphalt depends is the impregnation of powdered calcareous substances 
with bitumen. '1 he calcareous material employed, which is very fine 
grained and friable, is obtained from the same geological formations 
as the asphalt deposits mined in the Val de Travers, and it is reduced 
to powder ami mixed intimately with bitumen so as to form, on heat¬ 
ing, a pm*te having the same consistency as that of natural asphalt. 
1 he question as to whether the artificial material is better or worse 
than uutural asphalt can only lie determined by experience extending 
over lengthy periods, hut laboratory experiments have given excellent 
i vaults. From a purely commercial [mint of view it may he pointed 
out tlint while the asphalt mines have to pay a royalty to the Canton 
of Neuchatel of eight francs per ton of nsphult mined, the artificial 
asphalt works has to pay nothing for mining the material it em¬ 
ploys. The bitumen used to mix with the lime is obtained from 
Au-triu and Holland. It is steam heated before being placed in the 
mixers. 

W4 ^ , *bv r,, 0' Bullttin No. 131 ; Engineering Newt, rot lxril. pp. 

“ Paper reail before the Institution of Marine Engineer*; Mechanical Engineer, voL 

**»iii. pp. 274 278, 284 ISO. 

i "f Ameri,an Seiietr of Mechanical Engineer!, ml. xixui. pp. 1169-1200. 

. xhnmgan,i Engineering WerU, rot xxxr. pp. 1007 lot*. 
nnme de Mltallnrgu, Mcmotm, rot it. pp. 50-31. 
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VL —NATURAL GAS. 

Natural Gas in Transylvania- —The discovery of natural gus in 

Transylvania is described. 1 The gas is fouud at Kissnrmns, ubout 50 
miles from Kolozsvar and 250 miles from Budapest. Borings were 
made in 1909 with the object of finding deposits of potassium Balts. 
At u depth of 22 metres emanations of methane were met with, and 
at n depth of 150 metres inflammable gas was given off, the quan¬ 
tities becoming considerable when a depth of 300 metres was reached. 
A shaft was pat down, tapping a supply of 860,000 cubic metres daily, 
escapiug at u rate of 190 metres per Hecond. The calorific value of 
the gas was 8600 calories. Tho Royal Department of Mines is under¬ 
taking tarings to ascertain the extent of the gas-bearing formation. 

Natural Ga8 in the United States. —G. A. Burrell s states that 
the analysis of samples of gas collected from wells in various oil-fields 
of South California gave: Carbon dioxide, HI to 30‘4 per cent; 
oxygeu (three samples), 0*1 to 0‘2 per cent.; total paraffins, 07'2 to 
96’7 per cent.; nitrogen, 0-9 to 5 - 2 per cent.; metlmne, 54*2 to 88'0 
per cent.; and ethane, 0 to 35-6 per cent Tho heating value was 
724 to 1240 British thermal units per cubic foot. None of the 
-aimpies contained hydrogen, carbon monoxide, olefine hydrocarbons, 
or hydrogen sulphide. 

Utilisation Of Nataral Gas. —K. Feldmann * discusses various 
methods of utilising natural gas by combustion under steam boilers 
and in distilling apparatus. He describes various systems of burners, 
including those used in Caucasus and Galicia. 

Conservation of Natural Gas by Liquefying —I. G. Allen 4 

and G. A. Burrell propose a method for the conservation of natural 
gas which is being allowed to escaj>e almost without restraint in the 
petroleum fields of America by liquefying the gases under pressure. 

Transport and Storage of Natural Gas — K. Feldmann 5 deals 
with the naturul gas that is emitted from the borings for petroleum in 
the Boryslaw-Tustanowiee oil-fields, Galicia, and describes the pipe¬ 
line that has been constructed for conveying the gas to the refinery at 
Drohobycat, 8i kilometres distant. 

T. K. Weymouth c points out the most important problems in the 
production nnd transportation of natural gas, and outlines the methods 

• Report of the French Consul-General at Budapest. June 8.1911; Annalei del .4 lints. 
Sene* IX. voL i. pp. 257-2CH. 

* United State; Bureau of Mine;, Bulletin No. 19, pp. -t’-BC. 

3 Petroleum iBrrlinl, December IS I, lull, pp 285 - 288 . 

* United States Bureau ( Mines, Technical Paper No. 10; Metallurgical and Chemi¬ 
cal Bugitutring, vol x. pp. 534 235. 

» Petroleum, voL vt pp. 2232 2235. 

• Journal of the American Society of Mechanical Bngineerj, vol. xxxiv. pp. 725-771. 
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of solution. He briefly discusses tlie properties of natural gas, and 
gives a table of analyses of gases produced in the principal fields of 
the United States, together with a formula connecting the heat value 
of the natural gas with its specific gravity, lie also deals with the 
development of tho original formulie for the flow of gas in pipe-lines, 
the power required for completion and storage, and gives examples 
showing tho general method of design of a transmission system. 

Natural Gas Power-Station. — An electric power-station driven 
l<y natural gas has been installed at Independence, Kansas. 1 The 
equipment consists of a 500-kilowatt double-acting Monarch engine, 
a 200-kilowatt double-acting .Snow engine, and n 100-horse power 
Westinghouse 3-cylinder engine, all driving alternators of different 
capacities. Under average conditions, during a thirty days’ test, 1 
kilowatt-hour was developed for 20 cubic feet of gas taken by the 
engines. The gas is brought from Oklahoma, and has a fuel value of 
950 British thermal units per cubic foot 


VII.—ARTIFICIAL GAS. 

Gas Producers. —K. Munxel * gives practical hints with regard to 
tho working of the ruvolving-grate gas-producer, and points out that 
very satisfactory results may be obtained with it. It is essential both 
for the quality of the gas and the regular working of the producer 
that *vory portion of the fuel content shall contribute equally towards 
the production of gas. This is the case when the whole muss is equally 
permeable and tho uppermost layer of fuel exhibits a uniform dull 
red glow. If dark patches occur, the “green" fuel, as it is termed, 
offers great resistance to the jiossago of gas and leads to irregular 
working. It is desirable that the producer be fitted with n suitable 
charging apparatus through which the fuel may enter and be de¬ 
posited at will, either in the middle or round the sides according to 
requirements. This may be accomplished with a bell-and-cone 
arrangement fitted into a cylindrical casing in the roof of the pro¬ 
ducer. If the casing has a diameter of 1'2 metre the bottom of the 
Ml may In? 1 metre in diameter, so that a space of 10 centimetres 
lies free all round its lower edge. When the entrance is closed the 
hell fits tightly against the eone, ami its lower edge should l*e al*>ut 
15 centimetres from the bottom of the casing, which latter is flush 
with the vault of the producer. If now fuel is thrown into the cone 
and the bell lowered, say, 10 centimetres, the fuel strikes the 
cylindrical casing and rebounds into the middle of the producer. 
If the hell is lowered some 30 centimetres, however, its lower edge 
now projects into the broad vault of the producer, and the fuel 
falls out, towards tho circumference. Thus, by regulating the fall of 

• Eltclrical World, vol. lviii. pp. 1001-10(X1. 

* Stahl und Earn, voL xxxi. pp. HlO-lWT. 
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the bell, the fuel may be deposited at any desired place. Finally, 
back pressure must be avoided. Experience shows that if the 
pressure above the fire inside the producer does not exceed 4 or 5 
centimetres of water, the conditions are most satisfactory. 

Au account is given* of the Kerpelv high-pressure gas-producer. 
The main difficulties to be overcome in using line fuels for gasifica¬ 
tion are (1) the greater resistance offered to the passage of the air- 
blast, and (2) the difficulty of reducing the non-combustible ash to the 
lowest minimum. The minimum size of the particles of fuel that can 
be used varies with the nature of the fuel. The problem is further com¬ 
plicated by the fact that many fuels splinter into yet smaller particles 
when introduced into the producer in consequence of the sudden 
gasification of moisture within their pores. The Kerpelv gas pro¬ 
duced is designed to reduce these difficulties to n minimum. The 
pressure of the blast ranges from 40 to 70 centimetres of water, the 
blast itself passing through a number of minute openings distributed 
over the cross-section of the producer. This results in complete com¬ 
bustion of the small particles of fnel. The ashes fall automatically 
into a bucket which requires emptying some two or three times each 
day. An interesting tuble is given showing the results obtained with 
various fuels. 

F. Fielden,* in dealing with problems in bituminous suction-gas 
plants, states that in the earlier experiments with the down-draught 
type of suet ion-plants the air for comlmstiou was charged with vapours 
in exactly the stuuc way as now holds with anthracite plants; bnt. it 
was found that although sufficient bent, was obtained for making gas of 
effective and explosive power, yet the tnrry volatiles and snot were 
deposited in the gas-supply pipes, and eventually found their way 
into the engine. Wince it is necessary to pass a sufficient amount of 
vapour through the generator in order to produce good gns without 
the formation of nn excessive amount of clinker, and to prevent, the 
firebrick lining being burnt away, which would occur were air alone 
admitted, it becomes necessary to divide the functions of the suction 
bituminous producer into two distinct processes. First the cool must 
be coked, and, secondly, the coked fuel must be fed with the neces¬ 
sary air and vapour to produce good gas. The latter function is 
already attained in most suction-plants now on the market, and the 
former is one to which attention is now l>eing directed. As in com¬ 
mercially successful bituminous suction - generators both functions 
should la* combined, together with means for treating satisfactorily 
widely divergent, qualities of coal, l*ot.h caking and non-coking, con¬ 
taining quantities of :«sh varying from 5 to 40 per cent and volatile 
matter varying from 1« to 40 per cent., some idea of the difficulty of 
the problems can be formed. Another trouble which, although pre¬ 
sent with suction gas plants for anthracite and coke fuel, is intensified 
considerably with bituminous cool, is the question of ash and clinker. 

1 Slatl nnd Kiun, toI. mi. pp. 2U0 2142; Inm And Can/ Trada JVt-.itw *d. lnnu». 
p. 3311. 

* Enginttring. vot tail. pp. 175-177. 
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With the large increase in the amount of ash resulting from the use 
of bituminous coal, it is absolutely essential that means shall be 
provided for removing such ash and clinker without causing any 
undue alteration in the working of the engine. 

Particular* are given 1 of the working of four 10-foot Lehmann 
revolving-grate gas-producers ot the works of Vickers, limited, of 
•Sheffield. These producers, each of which is capable of gasifying 
-0 cwts. of coal per hour, were laid down to supply gas for fourteen 
large gun-ingot and armour-plate heating furnaces. 

Particulars are given 2 of the results obtained with two Hilger gas- 
producers with rotating grates installed at the works of Dorman, 
Long & Co., Limited, Middlesbrough. 

F. Bauricdal 3 describes the K uppers rotary grate type of gas- 
producer. 

A description has appeared * of a gas-producer designed by E. 
Fleischer with the object of producing a gits having a temperature of 
1000° 0. and upwards for use in processes of a chemical nature, such 
as tho reduction or fusion of metals, or for heating purposes. The 
fuel used for the producer is anthracite or coke. 

An illustrated description is given of a gas-producer, designed by 
K. I lor-1 >elattre, s which is provided with a rising and falling grate. 
The grate is carried by a plunger, and by means of this arrangement 
the coal can be wholly or partially raised without altering the size of 
the annidor outlet for the cinders ami ashes, which can be readily 
removed during the working of the producer. The raising and lower¬ 
ing of tho grate causes the cool to be kept continually in motion, and 
stirs it up over the whole surface. 

An illustrated description is given of a gas-producer designed by 
A. Folliet-Mieusset," with the object of obtaining a more uniform and 
adjustable distribution of the primary air introduced at the base of 
the producer. 

A description is given 7 of tbo Jlathot suction gas-producer. Tho 
type of producer permits of the utilisation of low-grade fuel of the 
smallest size. The gas passing from the top of the producer to a 
bottom outlet superheats the steam given off by the water vaporizer 
l>efore reaching the fuel bed, allowing a greater quantity of steam to 
be dissociated without cooling the gas. 

O. M. Garland 8 describes the equipment and general arrangement 
of bituminous cool-prod nears as designed for power purposes. The 
‘•crabbing apparatus is described in detail and the working results are 
considered. Particulars of the efficiency of the plant, composition of 
tho gas, and operating costs are also given. Figures for the first cost 
ami operating costs at full load for n 1200 brake-horse-power plant 

1 Iro m ani Cool Train Kr. iete, toL Uxxiv. p. 02. s Hid. . p. 252. 

’ CktmWti Zntnnf, *ul. mv. pp. 138S-1284. 

4 .Vtckanical F.ngtnttr, vol. xxm. p. 606. 

* /Hi., roJ. mi. pp. 15ft 156. * /hi., pp. 218-MO. 

7 Fourr, r L xxiv. pp. 2.kT> 25ft. 

* Journal of tkt Amenian Scoutg of Mt.&anuol Engiaotn, xul. xxxiv. pp. 885-MsL 
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are given in such a way as to make them applicable to different 
conditions of fuel and load. 

Illustrated descriptions are given* of two underfeed gas-producers 
designed by A. E. Pratt, which are of the type in which the fuel is 
fed continuously or intermittently in au upward direction to u fixed 
point within the producer, whence it passes radially downwards over 
the grate to a peripheral discharge opening. 

Gwosdz, 2 after tracing the development of the gas-producer, gives 
an account of modern producer design and practice, and of results 
obtained with various kinds of fuel. 

R. 11. Fernahl* and C. D. Smith describe various types of gas- 
producer plants for power purposes, including the suction, pressure, 
and down-draft types. The results of si* years' investigation at 
St. Louis, at Norfolk, and at Pittsburg are reported. 

C. Bone 4 discusses the o(>enition of gas-producers for the produc¬ 
tion of gas for steelworks. 

In dealing with producer-gas, J. A. Weil 5 discusses the design of 
the producer, and considers the chemical reactions that take place 
therein. He also deals with different types of producers and the 
plant for the purification of the gas. 

An illustrated description is given 0 of a fuel-clutrgitig device for 
gas-producers, designed by F. G. Smith and J. 8. Atkinson. The 
apparatus consists of a hopper on the top of the producer, into which 
the fuel is elmrged, and from whence it is delivered through a revolv¬ 
ing feeder, which <listrilmt.es the fuel over the fuel bed. The 
apparatus is designed to act also os a crusher for large pieces of fuel, 
as well os a feeder and charger. 

Au interesting account of an explosion in a suction gas-producer 
plant, due to a leakage of air into the expansion box, is given by M. 
Longtidge. 7 

Meyer* describes recent types of Pintscb gas-producers, and deal- 
wit h the problem of burning coke breeze and coke dross, as well as 
cinders, from locomotive smoke-boxes. 

Peat Gas Producers. — Particulars are given 9 of a peat-gns plant 
which bos been in successful operation at Partadown, Ireland. The peat 
ia air-dried, being cut from the bog and stacked during the summer. 
As cut, the peat contains about 85 per cent, of moisture, und during an 

1 Mechanical Engineer, vuL xxix. p. 12fi. 

* Gtuchauf. voL xlvU. pp. 15B0-13&. 

» Vnited Stahl Bureau of Mima, Bulletin No. 13. pp. 1378; Mining and Engineer¬ 
ing World. xuL oxt. pp. 1130-11153. 

4 Chemical Engineer, »oL xiv. pp. 378-380. 

* Paper read before the Manchester Association at Engineers, December 8. 1911 ; 
Mechanical Engineer, vol. xxvui. pp. *66-767. 

* Mechanical Engineer, vul. xxix. p. 325. 

1 Annual Report of the British Engine. Boiler, anti Electrical lusunince Company for 
1910; Mechanical Engineer, voL xx\m. p. * 5 . 1 , 

* Journal fur GeiMcuchtung, voL lv. pp. 73-80 ; Iron and Coal Erode, Eerie*, vol- 
lxxxtv. p. 815. 
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average season this can be reduced by air-drying to 20 per cent. 
The plant consists of two producers of 200 horse-power capucity each, 
with coke-scrubber, tar-extractor, sawdust-scrubber, exhauster, and 
expansion-box. The gas produced bus a value of alsiut NO British 
thermal units, and is similar to that produced from Welsh anthracite, 
but contains slightly less hydrogen. The approximate analysis of the 
peat is — water, 18'98 per cent.; volatile matter, «>5’17 percent.; tixod 
carbon, 2475 per cent.; ash, MO per cent. The ultimate analysis 
showed carbon, 44't» per cent. ; hydrogen, 5’42 per cent.; nitrogen, 
097 per cent.; ash, 110 per cent.; moisture, 1898 per cent.: and 
oxygen, by difference, 28'93 per cent. The cost of fuel per week for 
supplying an average load of 275 brake - horse - power, is A4, 5s., 
allowing 35s. per week derived from the sale of tar. 

P. C. Percy » describes a pentgas producer plant, consisting of a 
300 horse-power engine and Heiu/.o peat-gas producer, at the East 
German Exhibition at Posen. 


Producer Gas from Crude Oil — H. A. Grine* publishes some 
notes on methods and devices for converting oil into gas, and gives an 
illustrated description of the Grine-Nelles producer for the manufac¬ 
ture of gas from crude petroleum. 

By-Products from Gas Producers.— A. Gwiggner 3 points out 
that the economy of collecting ammonium sulphate and tar from gas- 
producers is, with tho present prices of fuel and ammonium sulphate, 
more than counterbalanced by the cost of the extra fuel required 
to produce the same amount of heat as by the ordinary type of 
producer—at any rate, as far as Germany is concerned. 

Application of Producer-Gas to Boiler Firing— E. Schindler ' 
deals with the application of producer-gas to the tiring of steam 
boilers. 


Gas-Engines — It. L. Streeter 4 discusses the application of the 
internal-combustion engine in modern practice. \ arums types of 
gas and oil engines are described and illustrated, including the Diesel, 
the Carrington, and the Remington engines, using oil fuel, and the 
Westinghouse and Uruce-Mucheth engines, using natural gas. Par¬ 
ticulars of fuel consumption anil efficiencies are given. 

A. L. Hoehr 0 gives particulars of his experience with gas engines 
driven by blast-furnace gas at the works of tho National lube Com¬ 
pany, McKeesport. The plant comprises two Allis-Chidiners twin- 
tandem, four-cvcle gas-engines, with cylinders 32 inches in diameter 


' Pixu.tr, voL xxxv, pp. 63-64. 

• Mining unJ He tin ft tic PrtJS, vet. cilL pp. 3S1 38*. 
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by 42-incbes stroke. Each engine drives a 1000-kilowatt Crocker- 
Wheeler direct-current generator, 250 volts at 110 revolutions [nr 
minute. They operate in parallel with four Allis-Chulmers steam 
units, driving 824-kilowatt. Crocker Wheeler generators. Tho gas- 
cleaning plant is ulso describe). 

A. 1 tipper 1 describes the new centnd-jiower system of the lloyol 
Prussian Collieries in the mining district of Hoarbriicken, which 
includes two electric generating stations, one equipped with gas- 
engines operated by the waste gas from by-product coke ovens, and 
the other with steam turbines. 

An illustrated description is given’ of a new type of 25 brake- 
horse-power suction gas-engine. 


VIII —COA L-MININQ. 


Shaft Sinking.— Ehrenherg* preseuta the result- of some obser¬ 
vations of the various effects of freezing the ground, during shaft 
suiking by the freezing process. 

Shaft-sinking by the Poetsch method of freezing is dealt with;* 
reference bring made to the determination of the direction of the 
bore-holes and the formation of the ice-wall and its resistance to 


pressure. 


t 4 describee some interesting cases of shaft-sinking 

through difficult water-bearing strata. 

R. G. Johnson * describes tho methods in general use for sinking 
and lining shafts of coal-mines in America. 



Earth Pressures in Collieries - Morin t discusses the earth 
■essures in collieries. Their influence is felt in three wavs- 


terrestrial movement or to the mining operations themselves. 
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The question of proportioning mine pillars according to the strength 
of the coal is discussed, and the views of various authorities are 
given.* 

W. U. Llepplewhite- discusses the action and control of differently 
constituted coal roofs. 

Use Of Concrete in Mines -Hetails are given 3 of the ferro¬ 
concrete structure* at the surface plant of the Harrington Collieries, 
Workington. These include cage-fraining, cages, head-gear, slack- 
conveyor, banking-house, and gantries. 

Electric Equipment of Collieries. —The two section* of the 
new French mining regulations dealing with the employment of 
electricity in mines have been published * in English. 

The electrical equipment of the Craighead and Botliwell Castle 
Collieries of W. Baird it Co. is described. 4 

A description is given “ of the electrical equipment of the Clock 
Face Colliery of the Wigan Coal anil Iron Company. 

R. 11. Willis 7 discusses the mechanical design of electrical plant in 
collieries. 

Gas-Power in Collieries. — A. E. L. Chorlton 8 discusses the use 
of gas-power for driving in collieries, und indicates two methods of 
obtaining gas for such purposes. In the first case there is the 
ammonia-recovery producer, using combustible nitrogenous material 
from belt-pickings, or tips, mixed, perhaps, with some coul; tho 
whole of low market value, and producing a large amount of power- 
gas, und ammonium sulphate as a by-product. In the second case 
there is the by-product coke oven, using small coal and producing 
furuace coke, with many by-products and a considerable residuum of 
gas available for power and other purposes. The anthor then deals 
with the possible methods of application of gas-engines to the various 
requirements of the average colliery. These methods are four in 
number, namely: (1) the electric scheme; (2) the hydraulic sebeine; 
(3) the pneumatic scheme; and (4) the mechanical or direct scheme. 

Coal-catting 1 Machinery. — An account is given * of the develop- 
metit of the use of coal-cutting and conveying machinery in mines, 
and the relation of the price of labour to the selling price of cool 

1 Minti and Mintrah, vol. xixii. pp. 214-215. 

J Paper read before the Midland Counties Institution of Engineers; /ran and Coal 
Truda Rnitw, vol Uxxiil pp. WXO—fCl. 

* and Cool Tntdri Antra-, vol Ixxxir. p. 572. 

* //id., voL ixxx.ii. p. (iflii. 

* B/atrieian , vol. Isvii. pp. 930-940. 

* Hinti and ihntraJi, vol xxxii. pp. 271* 271. 

_ 7 Paper read befure the East of Scotland llraneh of the Association of Mining Electrical 
Engineers; Inn and Coal Tradti At'.irw. wo). Ixxxiv. pp, 338-33*.*. 

' Paper read before the Midland Institute of Minuig. Civil, and Mechanical Engineers, 
DccrmLrr 5. 1911; Uttkanirttl F.n£itttr. vol xxviii. pp. 7^4-7*!!*. 
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and the effect of the application of machinery to coal-mining are 
considered. 

C* Perkins 1 deeribes some modern types of English coal-cutting 
machines. 

W. B. Shaw,* in dealing with coal-cutting machinery, gives a 
description of the rotary and percussive types of machines, and com¬ 
pares their relative advantages. 


Methods of Working Coal. —Leprince-Kinguet 3 describes the 
progress which has been made in coal-mining in the Pas de Calais 
during the lust thirty-five years. In 187(5 the production amounted 
to 3,000,000 tons, while the present production is over 10,000,000, 
The area of the coalfield worked has been considerably extended; the 
average depth of the beds has been increased by nearly 50 per cent., 
but, on the other hand, the seams worked have tended to become 
narrower. The output per workman employed has not increased in 
proportion to the general output; the daily yield per bond in 1880 
having been 000 kilogrammes, while in 1010 it was 1042. Special 
reference is made to the progress in winding-engines, pumping and 
ventilating machinery, and surface installations, such as WAftheries 
aua coke oven*. 

C. A. Tapper 1 descriliee the system of coal-mining adopted by the 
Hartshorn A Patterson Coal Co. at Missionfield, Illinois. This consists 
of the application of a special type of revolving steam shovel which is 
required for the mining of an nlmost continuous layer of coal averag¬ 
ing about 4 feet in depth, with an overburden of 20 to 30 feet of 
enrth. 

An illustrated description is given 3 of the method of longwull 
Illinois' en,pl ° y * d “ th “ mines of lhe Bpring Valley Coal Company, 

, F ’^ Burrn . describes the method of square-set mining in use in 
the V ulcan mines, Michigan. 

J : F -K* , Brown 7 describes the methods of working coal in the Truns- 
Vital collieries. 

°. S. Caldwell •describes the method of working at the Lai Hon 
ilo coalfield in the province of Ho-nan, in China. 

,. Winding-Engine*.— Moldenhauer 5 considers the economic pro¬ 
blems involved in winding from great depths. I n consequence of the 

• Mining end F.nginaring World, ml. IOT •pn rtnt 
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increased weight of the winding-rope*, the moving masses which 
require to be accelerated or slowed down are so enormously increased 
that it becomes necessary to adopt every possible device for reducing 
their weight, or at least far neutralising their effect. It is shown 
by numerous diagrams and mathematical calculations in what 
respects the efficiency of wiuditig plants can be improved for winding 
from depths of 1000 to 1500 metres both by steam-engines and by 
electric winding-engines. 

The Society of German Engineers iu 1907 appointed a committee 
to investigate the comparative cost of working and efficiency of steam- 
driven and electric winding-engines. The committee's report has now 
been published, 1 in which the experiment" and their result* are fully 
described. 

W. Philippi * describes the principal types of electric winding- 
engines. The advantages and disadvantages of the various systems, 
and their efficiency, are compsired, and the chief points to be borne iu 
mind iu calculating their economy are considered. 

The relative advantages of electric motors and compressed-air 
engines for driving deep-mine hoists are discussed by K. A. Pauly.* 

H. J. S. Heather* discusses the safety of induction motors for 
driving winding engines. The advantage of the automatic cutting off of 
the current is problematical, and considerable harm may result from it. 

The winding equipment at the Birley Collieries, Sheffield, is 
described 3 and illustrated. 

An illustrated description is given* of a new method of electric 
winding at the Auchincruive pits of William B&ird A Co., Scotlaud. 

Winding Appliances.— J. Paul" describes the Walker over¬ 
winding prevention gear installed at the Lpchgelly Iron and Coal 
Company’s Mary pit. 

J. Strnchan * describes the ** Visor " controller for the prevention of 
overwinding. 

Haulage in Collieries.— Paehr 9 give- general results of experi¬ 
ences with mine locomotives in the collieries of the Dortmund mining 
district. The various type- of locomotives in use are illustrated and 
described, and the working costs are shown. 

Otte ** gives results of tests with naphtha-fired locomotives used for 
haulage purposes in the Decheu Colliery, in the Saar district, and 
presents calculations of the cost of haulage with such locomotives. 

* Gluckauf, vot lira. pp. Ifi29-lk40. 1676-1681 et 

3 EUktretetknistke Zestsckrift, wit mu. pp. 1OC-10W, 1084-1009. 

3 Bulletin of Hu American Institute of Mining Engineers, Wit, pp- 933-U80. 

* Elee/rieian, »oL Uviii. pp. 177-178. 

* /run and Coal Trades Review. yoL Uxxiv. pp. 48-49. 

* IHI .. pp. 

* Transactions of the Mining Institute of Scotland, val. xxxiv. pp. s* Co. 

* Paper read before the Midland branch of the National Amoci»uo» of Collkry 
Managers, March 10. 1912; Iron and Coal Train Review. vol Kvxir. pp. Wil-DCI. 

* Zeitsekrift fur Hero -, Hutten- uni SaJineuwcsen, vol. hi. pp. 047-672. 

“ Iksd., pp. 739-7WL 


488 


THE IRON AND STEEL INDUSTRIES. 


Wondriuer 1 compare# different methods of haulage under different 
conditions, and gives result# of experience with mechanical haulage in 
the coal-mines of Upper Silesia. 

W. C. Mountain 5 describe.# the different types of electric haulage 
that is used underground in collieries. 

Ventilation in Collieries. —The new electrical fans installed at 
the No. 9 Pit of the Escarpelle Mining Company, Nord, France, are 
described by Lacroix. 3 The fans themselves ;ire of the Mennet and 
Moyne turbine type, and take three-phase current at 5000 volts. 

Lighting of Collieries. —E. Lemaire * describes the Goulet safety- 
lump, which is an incandeecunt lamp employing benzene as an illumi- 
nant. Its photometric power it* 3'5 Heffner units. It is at once 
extinguished by cutting off the air-supply, and in pructict* has proved 
exceedingly safe, although it ha# not up to the present been very 
widely adopted. 

An illustrated description is given 6 of a new portable electric safety- 

lamp. 

Gases in Mines. — R. Nowieki * describe# an appumtus for the 
detection of minute quantities of corbun monoxide present, in mine 
ga#ea. The test depends un the darkening of |utpcr impregnated with 
palladium chloride in tbe presence of carbon dioxide, the length of 
time being an important factor in determining tbe result. 

C. Moureu " and A. Lepupe have made analyses of five specimens of 
fire-damp collected under conditions excluding air. The results show 
the existence of u much higher proportion of helium to nitrogen than 
that existing in air. The nitrogen from one specimen contained no 
less t.lmu 13 per cent, of helium. 

H. Briggs® deals with tho use of safety-lamps as a means of testing 
for fire-damp and black-damp. 

W. H. Cunningham v and C. R. Connor describe a rue! hod bv which 
gas under pressure in ooul-mines can lie relieved by the use of bore¬ 
holes. 


Coal-dust Experiments. — -W« Galloway*® gives u review of the 
progress in coal-dust experiments carried out in Groat Britain and 
abroad. 


I Ztitukrift fkr Borg-. Hntten- und Satintnwatx. vol. ha. pp. 

* Paper read before tbe North of England Branch of the AstocUticm of Muting 
Electrical Engineers; from and Coal Trades A'tvitw. voL Iraxir. pp. 334-337 

» Comf Its Ktndns de It Sotittt de T Indnstrit Min/ralt, 1811, pp. 071-671 

* AnnaUs dn Mints d* Btlfijut, voL xiri. pp, 033 -036, 

» C.'Ihrry Guardian, yoL cui. p. 70. 

» Otsttrrtithnsht /.tit:. Krtjt far Htrg- and Hiittman sen, vol. lix. pr>. 537-6841 
T Comfits Atndas, vol. cbli. pp. K 47 #49 

« Transaction! of tho Mining Institute of Scotland, voL miv, pp. 34 99 . 

* Paper read before I he Kentucky Mining Institute. Mints and Minerals, vol. axaii. 
m 

<“ Crusadings of the SonU H alts InsistuU of Engineers, vol. uvm. pp. 0-36. 
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The reports of J. TufFanel 1 and A. Durr on the recent French coal- 
dust experiments are republished in English. 

J. ('adman 3 describes the etpiipmont of the Bruceton coal-dust 
experimental station in the United States. 

W. M. Thornton 3 discu—es the influence of the presence of gns on 
the ignition of clouds of coal-dust by single electric flashes. 

I. C. F. Statluim * gives a historical account of the coal-dust 
theory, and briefly describes the British, French, Austrian, and 
American experiments. 

Explosions in Collieries- —An official report bv Hollander ' is 
publtidted on the explosion in the Rndbod Colliery, near Hamm, in 
Westphalia, which took place in the night of November 11, 1008. At 
the time of the explosion 384 men were below ground, of whom only 
17 escaped injury, the total number of fatalities being 348. The cause 
could not be definitely established, but is considered to Ire probably 
due to one of the benzene safety-lamps having become defective 
during use or having been given out in a defective condition. 

J. Taffanel ® gives an account of the disastrous explosions which 
occurred in the West Stanley Mine and the Pretoria Mine in South 
Africa on February 16, 1909, and December 21, 1910, resj>ectively. 

The explosion which occurred in 1911 in n coal-mine at Briceville, 
Ti'imessee, by which 180 miners lost their lives, is discussed, 7 and the 
cause of the disaster is explained. 

Accidents in Coal-Mines- —G. B. Harrison * deals with accidents 
in mines caused by falls of ground. 

Storage and Heating of Coal —H. C. Porter 3 and F. K. Ovits 
give an aivuunt of an investigation carried out by the United States 
Bureau of Mines on the deterioration and spontaneous heating of 
coal in storage. The authors put forward the following recom¬ 
mendations:—^!) Coal should not be piled more than 12 feet deep, 
nor in such u manner that any point in the interior will bo more 
than 10 feet from an air-cooled surface. (2) If possible, only lumps 
should be stored. (3) Handling of the coal should be reduced to a 
minimum, in order to avoid production of dust. (4) Lumps and fines 
should be distributed on the pile as evenly as passible, were being 

I Colliery Guardian, voL rift. pp. 227 22 8 . 

* Paper reaJ before the North Staffordshire Institute of Mining and Mechanical 
Engineers: Iron and Coal Trader Review, vol. Uxxiii. p. 976. 

* Paper read before the North of England Branch of the Association of Mining 
Electrical Engineers; Iron and Coal Trader Kerins, vol. lxxxiv. p. 253. 

* Paper read before the South Staffordshire Mining Students' Society, November SI. 
1911 . /run and Coat Trader Review, toU Ixxxiii. pp. *06-WOK. 

» Gloria*/. voi. xlnn. pp. Itttt-IM. 209-218. 25S-2C9. 

* Annalet dm Miner, Series X., voL xx. pp. 963-44A. 

' Mining and Engineering I lor Id. vol. xxxv pp. 1223-1224. 

* Transactionr of Hu Manchetier Geological and Mining Society. voL xxxft. pp. 186 

199. 

* Journal of Indmtrial and Engineering Ckemirtrj, voL iv. pp. 6-8. 
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taken that lumps do not roll down and form air-passages at the 
bottom. (5) The coal should be rehandled and screened after two 
months. (I?) External sources of heat should not be allowed near the 
pile. (7) The coal after mining should be “seasoned” for six weeks 
before storing in piles. (8) Alternate wetting and drying of the 
coal should be avoided. (9) Admission of air to the interior of the 
pile through interstices or porous foundations should be avoided. 
(10) Ventilation by pipes should not bo attempted. 

The Omaha Klee trie Light and Power Company have constructed 
a pit for storage of coni under wnter, the capacity"being 10,000 tons, 
which is sufficient for a three months' operation of the company's 
plant of 13,000 kilowatts. 1 The structure is of reinforced concrete 
carried on piles, and the pit has an area of 100 x UG feet, with a 
depth below water-level of 23 feet A 5-tou crane of 145 foot span 
stretche,-. over the pit and the track for coal trains alongside of it 

E. A. Harman 3 states that the deterioration of coal on stocking is 
greatest when the coal is first stacked, and gradually decreases until 
after a period of time it is practically negligible. 

An instrument for determining the temperature of coal piles is 
described, 3 the outstanding feature of which is a special boring tool. 

Rescue Appliances — The report is published ‘ of an investiga¬ 
tion of rescue apparatus for use in coal-mines carried out by a 
committee of the South Midland coalowners. 

R. Crawford 1 describes the equipment and work of the Fife and 
Clackmannan Colliery rescue station. 

The organisation of the mine rescue service of the State of Illinois 
is described by H. H. Stock.' 1 


Sanitation in Collieries —II. Ku*a T describes the measures 
adopted in lielgian mines to combat the spread of ankvlostomiasis. 
During the years 1895 1896 the disease assumed grave dimensions, 
aud a Commission was appointed to inquire into the extent of the 
epidemic, and sums of money were voted by the Provincial Council 
of Liege and Committees at Mans and Charleroi for the purpose 
of the investigation Owing to the introduction of more sanitary 
measures in collieries the epidemic lias been stemmed, and the 
occurrence of the disease amongst miners has fallen conriderably. 

A description is given * of the systems of baths and dressing-rooms 
for miners adapted l>oth in this country and on the Continent. 

Some notes descriptive of lavatories"and baths installed at various 


* Electrical World, v» 1. Iriii. pp. S8-I-S85. 

• Journal 4 Gas l.igkEng. vot cxvi. p. 213. 

* Iron and Coal Trades AVrinr, rot iuiir, p. 16*1 

• Colliery Gnardsan, voL rii. pp. 415-417, 467-488. 
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British collieries for the use of miners are given by R. A. S. 

Redmayne . 1 

Mine Surveying —H. II. Clark 5 proposes the adoption of electri¬ 
cal symbols for the marking of mine maps, more especially with the 
. object of indicating the lay out of electric installations in mines. 

H. G. Henderson* deals with some practical points with regard to 
mine surveying. 

W. Pirie* describes various methods of surveying its applied to 
coal-mining. 

J. A. Went** deals with the progress made in the prospecting for 
coal deposits. 


Economics of Mining. —A supplement is published f ' containing 
the final text of the measure of the new Coal Mines Bill ns finally 
revised by both Houses of Parliament. The Bill ia officially described 
ns an Act to consolidate and amend the law relating to coal-mines 
and certain other mines in the United Kingdom. 

History of Coal Mining. —The early history of cool-mining in 
Japan is described by K. Nishio." Coal has been produced in Jnpan 
ever since 1702, and the Miike coal-field was first opened in 1721. In 
the early days coal was chiefly used for domestic purposes, but was 
sometimes sold as find for use in the salt-fields. Coal-mining in early 
days simply consisted in removing the ontcrop. European methods 
of mining were first introduced at the Takashima colliery in 1807. 
Literature on mining has existed in Japan from the latter part of the 
seventeenth century, when Sato Nobukage wrote two treatises on the 
administration of mines and the principles of the exploitation of 
mines respectively. He was killed by a gas explosion at the Ani 
copper mine in Ugo in 1731, a fate somewhat similar to that which 
overtook his son Nobusuye, who in 1784 was killed by poisonous 
gases while reopening a tin-mine owned by his father. 

Martell * gives an historical account of the coal-mining industry 
of Belgium. From ancient deeds it appears that coal-mining was 
Isdng carried on as far buck ns 1198. Particulars arc given of the 
position of the mining industry at tho close of the eighteenth 
century. 

> Mine* and Quarries, General Report with Statistics for 1910, Part 1L.—Labour; 
Colliery Guardian, vot cili. pp. 77 78. 

* Mining and Engineering World, vot mr. pp. IKS 1331. 

* Iron and Coal 7 radti ftevina, vol. Ixxxiv. p. 496. 

4 Paper read tirfore the Scottish Institute of Mining Students ; Iron and Coal Tradn 
Kevin*, vol lixxili. pp. 721-723. 

» Canadian Mining Journal, vol. xxxil pp. (1(54-007. 

* Iron and Coal TraJet Kevinr. voL lxxilii. (Supplement). December 16. 1911. 

» Bulletin of the American Imtitute of Mining Engineer!, 1912, p. 120. 

* Xnti.kri/t det /.entmlverkandej der Bergfau-Betriehleiter, November 1. 1911, 
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IX.— COAL WASHING AND SCREENING. 

Coal Screening'. —P. Sterling * describes the preparation of an¬ 
thracite, and gives a list of the commercial sires recognised in the 
American coal trade. The sizing machinery employed consists of 
screens, which are either fixed or movable. Each of the leading 
typos is fully described and illustrated, and the relative advan¬ 
tages enumerated. Fixed screens are inexpensive as regards first 
cost, require no power for operation and but little attention, and 
their capacity is large; but, on the other hand, they effect a poor 
sizing of the coal, and increased breakage and consequent loss of 
prepared sizes ensue with their use. The coal is broken either by 
hand, with picks and bars, or by rolls or crushers, but the first 
method is employed only in the picking head. Leading types of 
crushers art' described, and estimates are given of the cost of the 
original installation for the sizing of anthracite and the running 
charges connected with maintenance. 

Coal Washing. —The electrically driven coal-washing plant at 
Crnmlington Colliery is described. 2 The main plant is driven by a 
200 three-phase horse power motor, and the fine coal recovery-plant 
and refuse conveyors arc operated by two 12 horse power motors. 

The theoretical considerations involved in coni washing are dis¬ 
cussed by K. A. Henry, 1 who gives curves showing the proportional 
separation that takes place nnder actual conditions between the coal 
and its associated impurities. 

<5. R. Udometer 4 put* forward a plea for uniformity in teats and 
reports of cool washing, and presents some new data and formula: for 
accurate comparison of washery work. 

D. A. iltey describes a system of washing bituminous cool at 
Laha usage, Alabama. 

Coal Briquettes —A. H. Lush" has presented a report to the 
Home Secretary on the regulations proposed for the manufacture of 
briquettes with addition of pitch. The processes of manufacture are 
briefly described, and the risks to health and precautions to la? observed 
ore dealt with. 

A description is given r of tho manufacture of lignite briquettes 
ns carried out at the Verein der Niederiauritzer Braankoblenwerke, 
Germany. The lignite is ground into powder which contains about 
50 per cent, of moisture. It is then dried and heated by exhaust 

; ZT’Z'Zl''"'''"' **»«"*• IBI ,. PP . 

1 AVtiir I 'nh’tntUt tin .Ifinti. Scries IV. vol. m». p 0 , ™ -« 
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steam until it contains not more than 12 to 1 ii per cent, of moisture, 
when it is pasaeii through a sieve and submitted to a pressure of 
about 1500 atmospheres, without the use of any binding substance. 

Polster 1 describes modern apparatus for the removal of dust, which 
lias been recently installed in the brown-coal briquetting factories of 
the Rhine district- 

An illustrated description is given 5 of a largo double-pressure 
machine for the manufacture of briquettes from bituminous fuel. 
Tlie machine is capable of making two 25-lb. briquettes per stroke, 
and has an outpnt of about 25 tans per hour, equal to some 2200 
briquettes. 

' Tranmiahlr. December 22,19U, pp SW7-60S, 013-421, 645-448. 
a Iran and Coal Trader Krviexa, vol. Iixxiv. p. 1M. 
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I.— BLAST-FURNACE JTLl CTICE. 

Blast Furnace Construction. —D. Baker* .leal* with the con 
struction of thm-lined blast-furnaces. In the United States three 
different forms of construction have been adopted, represented first 
by the furnace in the Isaliella group of the Carnegie Steel Company, 
Pittsburg, namely, a rolled steel plate shell cooled by water-troughs 
or pockets riveted to the shell. This furnace i B provider! with a 
12-inch firebrick lining, and there is about an inch of metal between 
the [Ticks and the water in the pockets. At South Chicago the shell 
of the first thin- med furnace consisted of out-steel segments bolted 
together, the cooling being effected by water flowing over the outside 
surface. A second furnace was built at South Chicago of rolled-plate 
construction, with water-pockets attach*! much in the same way as 
in the Isabella furnace, except that the water, instead of circulating 
from one pocket to another, w kept in the pocket and allowed to 
evaporate, enough water being adder! to take its place. At the plant of 
the Tennessee Coal, Iron, and Railroad Company. Enslev, Alabama, the 
tlnn-lined furnace recently constructed, has a rolled-steel shell 1 finch 
m thickness which ,s cooled by water sprays, there l>eing a uniform 
stream of water flowing down the outride surface of the shell All 
these forms of. construction «l»w from the German type, constructed 
of heavy cart- lr on segments cooled on the exterior, which 1ms proved 
so successful. The effect of this difference in construction is that the 
loss of best in the American furnace considerably exceeds the heat 
lost in the operation of the German tvpe J 

Particulars are given * of the conversion of an ordinary blast- 

1 frvtt Trait Ktvum. voL »li*. pp. UM-1U4, 
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Blast-Furnace Reactions. —Zjromski 1 deals with the theory of 
the blast-furnace reactions, and criticises the views of J. W. Richards 
communicated to the Diisseldorf Congress. He considers the condi¬ 
tions prevailing (1) in a coke furnace and (2) in u charcoal furnuce, 
and gives formula! elucidating his contentious. In a charcoal fur¬ 
nace, in order to obtain perfect equilibrium, it would be necessary to 
heat the blast to 9(H)* C. 

P. Angles d'Auriac * likewise deals with the theoretical reactions 
occurring in the blast-furnace, and confirms Gruner's views as to the 
equilibrium reactions. In the ideal working of a furnace the whole 
of the carbon in the fuel would reach the level of the tuyeres in an un¬ 
altered condition and there be transformed into carbon monoxide, 
which, rising upwards througb the charge, would secure the complete 
reduction of the ore according to the formula: 


F« 1 Oj4-3CO=2Fe+3CO a . 

This is the ideal instanco of indirect reduction. When, however, the 
reduction of the ore is due to the action of solid carbon, it is to be 
regarded as direct reduction, and complies with the two formula*: 


and 


FejOj+3C jeffe+SCO, 

2Fe/VHC = 4Fe+3CO,. 


These two reactions are strongly endothermic, particularly the first 
one. which absorbs approximately 2400 calories per kilogramme of 
oxygen withdrawn from the ore. The second, althongh endothermic, 
still absorbs nearly 1200 calories per kilogramme of oxygen with¬ 
drawn from the ore. In practice the reduction of the ore in a blast¬ 
furnace takes place partly at the expense of the carbon monoxide in 
the ascending gaseous current (indirect reduction), and partly at the 
expense of the solid fuel descending from the throat (direct reduc¬ 
tion). The three reactions given do not however exhaust the exceed¬ 
ingly complex phenomena taking place in the blast-furnace. Thus 
incomplete reducing reactions occur which yield intermediary oxides 
instead of metallic iron; and, on the other hand, the reducing action 
is limited by oxidising reactions, of which an instance is afTorded in 
the oxidising of the reduced iron by the carbon dioxide of the gaseous 
current, while in the upper part of the furnace the carbon dioxide, 
in the presence of iron oxides, decomposes into carbon and carbon 
monoxide with considerable evolution of heat (3134 calories per kilo¬ 
gramme of carbon deposited). 

B. Osann * discusses the reactions obtaining in a blast-furnace 
under normal working conditions. 

M. Levin 4 discusses theoretically the problems of direct anil 
indirect reduction of ore in the blast-furnace. 


1 CompUt Rendus Jt la SotifU it t Indmitrit St in ft at*. 1811, pp. 574-576. 

* Hid., pp. 576-580. 

* SUM ■ ltd Eittn, vol. xxxii. pp. 465-473. 4 IHJ. , pp. 232 234. 
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Calculation of Furnace Charges —R. Chnuvonet 1 discusses the 

calculation of furnace charges, with special reference to the computa¬ 
tion of the composition of slag's, and gives formula 1 and examples for 
that purpose. 

«!• J- Porter - points out that the value of anv particular ore, coke, 
or limestone for iron-making depends for its effect, first, upon the 
quality or value of the resulting product, and, secondly, upon the cat 
of Miielting; and the utility of a means of comjiariiig riutneric&llv the 
relative smelting values of different ores, cokes, and limestones is 
obvious. A number of empirical formula- are given, for which simpli¬ 
city and substantial accuracy are claimed. The formula- are base-1 on 
regular sampling and careful analyses, but the benefits of adopting 
such n course warrant the additional expense entailed. 


Blast-furnace Operations. —E. Langheinrich 11 draws attention 
to the fact that the method at present in vogue of removing the 
molten slag and metal from blastfurnaces in wagons running on rails 
is unsatisfactory, owing to the fact that the space required might bo 
put to better use and also on account of the high working cost It is 
suggested that two systems of overhead trnvolling-crane, be employed, 
the one to remove the slog to the waste-heap, the other to cany the 
molten me to to the mixers. It is recognises 1, however, that in many 
works it would now be impossible to introduce this system, owing Ci 
the unsuitable nature of the ground and the orientation of the works. 
It is claimed that if the system is adopted and due precautions observed 
accident* are almost unknown, 

B. W. Head* deals with recent developments in blast-furnace 
practice. 


Deposition of Carbon in the Blast-Furnace .^It is well known 

that carbon u frequently deposited within the pores of bricks in blast 
furnace walls, lending to the splintering of the bricks and their 
ultimate detraction. This is us'uaUy explained! the g^Td SaL 
at a temperature of 300 to 400° C.. LrJu mono*!* 

JCO=CO,+C 

Hence if the bricks wntain any particles of iron or iron oxi< i e in 
their compos,lion carbon w,ll be deposited in their neighbour hoc l 
ms.de he brick, from the gases diffusing tl.ruugh their pores, result¬ 
ing in the disruption of the bncks. U. Kinder • points out that this 
is not the only explanation. The carbon probably also comes in the 
following manner. Both ore ami coke usually contain small quantities 

3 Stahl mad Riitn, vol. mi. 1B81MH73. * ‘ f PP- 27®-JC*l- 

* Jaundlef the Wat tf Scot load /rat, and Star! . __ 

• Stahl mad Rim,, rot axil 231-m '«**•*, vol. «u. pp. 267-272. 
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of the alkali metals as carbonates, and in the furnace these are con¬ 
verted into emanates. Thus: 

K*CO, + N,+4C=2KCN +3CO. 

KCN+CO,= KCNO+CO. 

lit the presence of steam anil carbon dioxide, hydrocyanic acid 
rosulta * 

2KCNO+CO+ H*0= KjCO]+2HC N. 

The hydrocyanic acid is now decomposed by particles of iron in 
the brick into free carbon, hydrogen, and nitrogen. 

Charging Appliances —An electrically operated blast-furnace 
charging car, suitably designed for use with overhead parabolic ore, 
coke, and limestone bin systems, is described 1 and illustrated. 

Blowing Engines. — A. Ratcau* gives a description of a ltateau 
mixed turi.ine and blower instilled at a blast-furnace plant in 
Vizcaya, Spain. 

Hot-blast Stoves. —A. N. Diehl * discusses the relatiou of re¬ 
generative stoves to blast-furnace practice. 

Q. Hulle 4 deals mathematically with the working and efficiency of 
the t’owper stove. 

G. H. Smith 1 describes an expansion joint for hot-blast mains 
designed by J. Scott. 

Mixers. —O. Simmersbach" discusses pig-iron mixers and their 
application in ironworks. The design and construction of tipping 
and rotating mixers are illustrated and described, showing the 
advantages of the rotating type which lias now entirely superseded 
the tipping mixer. The flat-bottom type of mixer is also shown. 
The operations, the cost of heating, and the influence of the size and 
the effect of the mixer on the sulphur contents of the pig iron are 
considered. 

A translation into French has appeured* of the paper by O. Sim- 
uiersbach * discussing the use erf pig-imn mixers; diagruius and 
illustrations of the principal] tyjies in vogue being given. 

Dry Air-Blast. —A description is given * of an apparatus known 
as “ Little's cooler " for the production of dry air-blast. It consists 

• Inm Trait Kevirm, rot xlix. p. 832. 

* f.eitukriftits I Vi/rrr. /agenifur a nj Arskittkten I'rrrines, vol. lxiii. pp. 625 G2H. 

• Pnxttdinfi of lit Engineers' Society of Western Ami tx ania, rot xxvu. pp. CG2- 
7W. 

* Slat/ *ni F.htn. vol. xxxi. 1451-1457. 

’ /n'< Trait k’erirw, vol. ills. pp. 1058-1059. 

• Berg- “"‘I ttottenmamniuke Funds, kam. December 20, 1911, pp. 53-410; January 5, 

1912. pp. ist-ra. 

7 Heme dr Mtialturgi*. MSmaires, vol. vili. pp. 829-850. 

■ Suit nod Eisen, vol. xxxi. pp. 253-208, 337-148, 887-398. 

* Iron ood Coal Trades A'exiem. vol. lxxxiv. pp. KM-805. 
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of a number of concentric sheet-metal drums, which slowly revolve 
in a trough, thus producing un extensive surface, each portion of 
which is covered by a thin film of the liquid contained in the trough. 
The surface is also necessarily at the temperature of this liquid. 
The concentric cylinders are arranged in adjacent troughs, and the 
liquid passes from one to the other (rising in temperature as it does 
so), in the opposite direction to the air, so that a perfect heat inter¬ 
change is obtained. Increased thermal elficiencv is obtained from 
this apparatus compared with brine-pipes, as the refrigeratin'' work 
is divided into two or more stages: (1) The air is chilled bp being 
blown m contact with the concentric drums in the first portion of the 
color, through which water, cooled by the refrigerating machinery, is 
circulated. (2) The air then passes in contact with the drum snr- 
faces in the second portion of the cooler, through which brine, cooled 
by the refrigerating machinery, is circulated, and where it is finally 
cooled to the required temperature. The general arrangement is 
shown of a plant capable of dealing with 40,0(H) cubic feet of air per 
minute and reducing it to a temperature of 25^ F„ having a moisture 
content of 1 5 grain per cubic foot. 

J. B. Miles‘ describes a new dry-blast process which is in opera- 
tion at the Northern Iron Company, Standi.1,, United States. The 
chief feature of this is that the cooling is done after compression in 
the b owing-engines and sprays of water or brine in direct contact 
with the air accomplish the cooling instead of pi,*-* i n wh ieh cold 
brine us circulated. * 

Heym* describes the new calcium chloride plant for .Irving the 
b ast which hits for several months been in successful operation at the 
lh “S n blast-furnaces. The installation is capabU of dealing 
with 30,01)0 cubic metres of air per hour. 4 b 

Enrichment of Blast with Oxygen.— F. W. Liirmaun* raises 
the interesting question as to whether or not it is advisable to admit 

SSlXSTJES SUPF l! ie<1 the blast-furnace than 

the 1 77 {Kir cent, which the air normally contains. It | s .minted out 

that in the case of a furnace producing 240 tons of pig i ron per twenty- 

four hours, and requiring 40,800 cubic metres of blast , Jr hour the 

'" J® fur ° ^ " T 5fi C ’ Thl * “‘gbt mean some considerable 


advantage in cases of emergency, such "os 

working of the urtwee. At present, however, the cost of oxv/en is 

v * WerC ™ «"*«• demand the gas JJdd un- 
doubtodly become cheaper and it- advantages more prateable 

Blast-furnace Bxplosion.'— In tko carlv hours nf i 


191 

I /ran Trait Kerim, rot L no. 9.11 am • 

pp. 630- «W. PP- WI 904 , and Coal Trait, Krvim, voL lixx.v. 

* OtslerrtitkiuAt Ztitnkrifi tdL tix. n D on-ms , 

Slrtl Initilnti, 1«U. No. I.. n. 2s. PP =« »Uo Jan mat cf tie /ran and 

» Suit uni Eittn, voL ***«. pp. 000-611. 
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the Phamix Company, at Rulirort, Prussia, 1 resulting in tho death of 
eight men and injury to four others, two of whom luive since died. 
The furnace, which was started on October lti, 1911, was 25 metres 
in height, and lwd u capacity of 610 cubic metres. On the night of 
January 15 the furnace began to work irregularly, and at 1.40 A.IL 
the explosion took place. It originated evidently just above the 
tmahes, shattering the furnace, but not injuring the Cowper stovo 
close behind. 


Composition of Blast-furnace Gases. —Experiments have been 
carried out by M. Levin 5 and H. Niedt upon the composition of blast¬ 
furnace gases with a view to throwing light upon the changes taking 
place during the process of smelting. In order to obtain the gases, 
imles of 6 centimetres diameter were bored at various heights, 
vertically atxive one another, in the walls of certain blast-furnaces, 
and the gases removed through water-cooled copper tubes. The pres¬ 
sures were registered by n mercury manometer, and tho temperature* 
hv a thermo-electric couple. The results are given in a series of 
curves which show the various proportions of nitrogen, carbon 
monoxide, and carbon dioxide present in the gases at varying heights 
above the hearth inside the furnace. The proportion of carbon 
monoxide rapidly rises as the blast escapes from the tuyere mouth. 
It then remains fairly constant for some distance at 56'7 volumes per 
100 volumes of nitrogen. This constancy persists through half or 
two-thirds of the way up the furnnee, and then the proportion of 
carbon monoxide slowly fulls to 53 volumes at the top of the furnace. 
The total volume of the furnace gases likewise rises rapidly as the 
blast leaves the tuyere, but after ascending through about half a 
metre the rate of increase rapidly falls. Tho initial increase is 
largely due to the formation of carbon monoxide both by combustion 
of the coke in the blast: 

4Nj+0,+2C=4N,+2C0. 

4vols. lvol. 4 volv 2 volt. 

and by the reduction of ferrous oxide by the coke: 

FcO+C=Fc-t-CO. 

Negligible 1 vul. 
voL 


A* the gases ascend the furnace, carbon dioxide is produced l»oth by 
decomjxK-ition of limestone and at the expense of some of the carbon 
monoxide. Thus: 


and 


C*C 0,=C«0 f CO,. 


Fe^,+CO =3FeO+COj. 
3FeO + 8CO=3Fc+3CO* 


The former of these reactions occasions a slight increase in the total 
bulk of the gases, and both reactions reduce the percentage of carbon 

l SUU mud Eiun, voL xxxii. p. 151. * AW, voi. xxxi. pp. 2135-2140. 
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ninnoxitio The carbon dioxide curve thus shows a rapi.l increase after 
about one-third of the furnace height has been traverse, l 

Utilisation of Blast-furnace Gas.— Blast-furnace gas is recon, 
mended as supenor either to solid fuel or producer-gas for the purpose 
."£*“• a r ^ luting of foundry dryi^ovena. In view 
f ho fact that refin.-d blast-furnace gas is odourless and extremely 
narcotising, it ,s suggested that, in ardor to reduce the danger attached 

yi A e l ’ U , rp0SCS '‘r t0 l8ttka g“ pipes and burners, 

able lo.^ ,' X 1 W ‘ th T n , ethlng tluU wiU easily notice 

able smell. Calcium carbide can bo used; the gas in its passage 

umns of trbid" f‘7 T*? *° 0Ver * baskrt containing 
lumps of carbide, which absorb moisture from the ga- and give oil 

acetylene Means must, however, be provided for shaking the basket 
periodio.lly in order to free it from accumulation* of caJcii.m oxide. 

of bta«l£^r-* to to. ...ilUede. 

M. hanger ’ criticises the conclusions of Hoff, that Steam-power 

“• ■»<»<* ■*"> b, 

rV. (rouvy discusses the economic application of blast-furnace and 

U e7^ g bvtnX^t r “n! W ° rkKl “ nd Hh ° WS the H * viD 8 th«t can 
t>. effected bj an efficient installation. Tbe employment of tb. se cases 

for jiow.t purposes in ami about the works is exhaustively 5&ET 
In a discussion on large gas engines, A. N. Diehl • d'escribes the 
methods of cleaning and utilising the gas ,i, ., ut * en, ea u,e 
.he fto, u ,.„« Steelwork, of to. 

Utilisation of Blast-furnace Gases in w 

naces. -K. Buck* deals with the utilisation of bU?t7 earth Fur ’ 

1 ’reducer-gas bus up to the present “ Z L f r'.”' 
open-hearth furnaces, but is now becoming gradual^ ^ ' rf 

coke-oven gus, or rather a combination of hi i ‘ 8 , rs<>l J e<i ,b)* 

the melting of steel, tbe various eases n,, rHES™ require.) for 
give a giu. with a heating value oHFro.n C400 to^MfflnSfth ^ 
units. Experiments carried out at the Friedrich ^ ^ 

Mulheiin-Ruhr have shown that it is possible to'.! ' T mK A QtU ’ at 
gas alone, but the process requires consider,,hi ***• blast-furnace 

proltably affect the quality of the steel. The X™ vT^llnTtt! 

* Engineer, vol. ciiii. p. 253. 

* Practical Engineer, vol. *tiv. pp, &I7-041I 

* StaM und Eiien, vol xxxi. pp. Jogg jOOl 

‘ ihd , pp. 21107-2013. ’ 

• hid., pp !W3 1010 1085-1007, 1130-1 wo 

• UnlleHn de la SaciM de Undnitrie Mineral, Srri« v . , 

' Jr urn a! if the American Society „/ UrcHaniial ' V ° ' I’P- 207 32»1. 

• SUM and Eiien, voL xxil pp. lato-1301 tween, vol. xxxi.L pp. IO79-10K) 


PRODUCTION OF PIO IRON. 


501 


blast-furnace gas are generally mixed in the pro|ioi'tion of 1 to 4, the 
mixing taking place before the gases enter the distributing valve. 
1 hiring a period of over two years this combination of gases has been 
employed at the Friedrich-Wilhelmshutte with very good results for 
two acid open-hearth furnaces of 12 and 15 tons capacity respectively. 
At thoso works tho Must-furnace gas passes through a 231-incb pipe 
in a ratlier elevated position. The coke-oven g.is, however, pusses 
through a 10-inch pipe underground. The arrangement of the furnaces 
ns regards valves, regenerators, Ac., is the same as when producer-gas 
is employed. Results show that with u mixed gas with a heating 
value of (5400 to 7000 British thermal units the temperature of the 
furnace varied from 1700° to 1000° (J., according to the preqiortions of 
air and gas and the prevailing pressure of the mixed gus. It. was 
impossible to determine the exact proportions of air and gas, but on 
analysis no excess of air could be discovered The gases were* mixed in 
proportions varying from 1-3 to l~t>-5, which correspond respectively to 
8000 and (>000 British thermal units, au*l to au average temperature 
of the furnace of 1800° to 1500° C. For annealing furnaces in steel 
foundries blast-furnace gus might also be employed. In such cases it 
is advisable so to arrange the furnaces that the blast-furnace gus 
mixed with coke-oveu gas, or alternatively producer-gus, can be em¬ 
ployed as desired. 

Blast-furnace Gas Meters. —C. C. Thomas* discusses the prin¬ 
ciples i>f meters for the measurement of gases in large quantities. The 
Pitot and tho Venturi meters and the author's own electric meter are 
described, and au account is given of teste with the electric meter. 

E. Stach s discusses and gives diagrams of various forms of np]>aratu8 
designed in register the pressure and velocity of moving gases and 
vapours. For the former purpose various special types of mano¬ 
meters are explained, whilst far measuring the velocity of the gases 
either adaptations of anemometers or differential manometers may be 
employed. 

H. Contzen * gives an account of several forms of apjiarutus designed 
to measure the pressure and velocity of motion of gases and vapours. 

Cleaning of Blast-furnace Gases. —The “Hulberg-Beth” ap¬ 
paratus for the purification of Mast-furnace gus is described. 1 In this 
system tho crude gns enters the plant from the blast-furnace main 
pipes through au opening into a vertical air-cooler, which has at its 
lower end a water seal. In this cooler the gas is brought down to a 
temperature close to its dew poiut. Leaving tho cooler, the gas passes 
to a receptacle where the temperature necessary for the efficient work¬ 
ing of the subsequent filtering operation is obtained and regulated by 
means of a steam coil. It then posses to the filter apparatus which 

( Journalaf the Fmmtltn ! militate. vol. clxj.il. pp. Ill 460 

■ Stahl and Bite*. vol. xxxt pp. 175217.'*. 1880-1886. 

• /hit. , vol. xxxil. pp. 575 575. 

* Iran and I'aaJ Trndti Review, vol. Ixxxiv. p. 570. 
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ix installed in a wparate comjiartment, and consists of a number of 
sections in w hioh linen btgs are fastened by tbeir lower and upon 
ends to the floor nf the chamber, while the top ends are closed and 
earned by means of suitable supports. A fan exhausts the gas from 
the huen bags, whence it passes into the clean gn* main and is con 
veye.1 to the Cowjht stoves or engines. Further particulars of the 
4 Halber^-Beth process are given. 1 % 

A method devised by J. lluddinmn of applying the Mullen gas- 
washer to hot-blast stoves for cleaning the gas i* described. 2 

R. Hamilton 8 discusses the removul of dirt from gases of coal-fired 
blast-furnace*. 


Now that the waste gases from the blast-furnaces are washed with 
water to remove suspended insoluble materials before the gases are 
utilised for power production, large quantities of dusty water are 
constantly being produced, and tend to Injcome a source of difficulty 
to the ironworks. J5. Steuer 4 describes suitable tanks for storing 
this water, so that the dust particles may settle to a stiff mud and 
the resulting clear water be used over again. 

O. Johannsen 8 deals with the estimation of dust in flue-gases. 

I hree ways may be employed, namely (1) Passing the gas through 
aater and estimating the amount of suspended material left behind. 
Apart from the difficulty of manipulation, this metlusl yields uncer- 
tain results. inasmuch as all the dust is not given up to the water. 

“ , ie 8“ t throu 8 l ‘ asbestos or glass wool. (3) A third 

method lies m passing the gas through filter paper, and either deter¬ 
mining the increase in weight direct, or else converting to ash and 
determining the weight of the residue. 


rec B S?v U ml!i nff ? Ue Daat --7 A re r w ° “ P™ several patents 
recently taken out in connection with the briquetting of flue-dust. 

Asphyxiation by Blast-furnace Oases. -In the course of a retort 
on the cases of asphyxiation by blast-furnace gases that have occurred 
in Belgium between the years 1906 and 1911 , A Brevre^ draws 
attention Ui the increase in the number of such accidents of late 
years. This m ascribed m part to the extending application of the 
gas as a motive power so that instead of, as formerly Wine con 
sumed in heating the blast-stoves and steam hnil m ,l - g j- . 

of u,. f„ rT . a. r 'Si 1 Z 

the proportion of carbon monoxide as the carl™ diom^eSElvlS 

• /iw and Coal TrnJri Kevin-, vo|. Ixjiiv ,, fji 

J Inn Trade Kevin*. vot. L pp. 434^55 11 0tM ‘ 

1 Journal ef the »f tit of Scotland Inn and Sint , . 

* SMI end Kim. n>L exxl ITM 17 ,a T* ”*• PP- 1W-10L 

« IHeL, pp 364 367. ,M - »«* PP- 

» Annaiu dr, Mine, de lietgxjue. vol. *rji. pp. 6&. 15< 
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out in the washing water. Apart from this change in composition 
the gas itself is already dangerous enough, the high percentage of 
carbon monoxide, as compared with coal-gas, explaining the ease with 
which fatal asphyxiation can he produced in a very short time, even 
in the open air. The danger is greatest in the cose of the purified 
gas, for whilst the crude gas contains fumes which reveal its presence 
und the imminence of danger, the purified gas is invisible and gives 
no warning of the risk incurred. The author discusses the cleaning 
out of the gas-mains and pipes, and describes various types of 
hydraulic seals and valves in use at the different works. 

British Blast-Furnaces. —The new furnace recently put into 
blast at the works of the Barrow Hiematite Steel Company 1 is 
HU feet high, 18 feet 3 inches in diameter at the bosh, and has an 
11-foot hearth and 10-foot bell. The body of the furnace is enclosed 
in a steel-plate casing, and is carried by a built-up ring-box girder 
supjiorted on ten columns 27 feet long. There are ten tuyeres, the 
cast-steel housings for which form a complete belt round the furnace. 
The lower part of the furnace is enclosed in a steel-plate casing, 
which extends from the bottom of the tuyere housings to about 
7 feet below the hearth leveL The furnace is provided with four 
downcomers coupled in pairs. The blast is heated in four Cowper 
stoves, each 28 feet in diameter and 65 feet high to the springing of 
the dome. The furnace is blown by five gas-blowing engines, each of 
1250 lirake-horse-power, which normally furnish blast at a pressure 
of 12 lbs., but are cnjtable of blowing at 15-lbs. pressure. There is 
also a set of quarter-crank steam blowing-engines to act in case of 
emergency. The steam for these engines is token from a range of 
eight Babcock boilers, which supply steam to the steelworks, and are 
fired with blast-furnace gases. The charger consists of an inclined 
built-up girder, on which runs a counter-balanced travelling bucket- 
trolley, a transporter-car for travelling the buckets along the line 
of bunkers, and two buckets for conveying the materials from the 
bunkers to the furnace. 

Russian Charcoal Blast-Furnaces. —M. .1 ossa 5 gives an account 
of cltorcoal blast-furnaces now being worked in the Urals. It is 
pointed oat that the method of pnxlucing the charcoal has an important 
bearing upon its value. The main details given for three furnaces 
are condensed into the following table : — 

• Iron and Coat Tr,uin Rtrinr, vol. Imiv. pp. 85-X7. 

1 Garni Journal, I9U. pp. 903-309 ; Stahl und ft ten, vol. unit, p, SMS. 
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Iron Yielded. 


Description of ELa.it‘Furnace. 


1. At Kuwschinsk — Capacity, 
108 cubic metres; height, 
17 07 metres ; blast pressure, 
75 millimetres; blast tent- 
perature, 600" C. 

2 At Slatoust—Capacity, 158 

cubic metres; height' 1714 
metres ; blast pressure, 131 
millimetres; blast tempera¬ 
ture. 380-100* c. 

3 At Ssatkinsk—Elliptical cross- 

section -Capacity. 147H cubic 
metres; bright. 18-20 metres ; 
blast pressure. ^ o millimetres, 
blast temperature, 445“ C. 


Months 

of 

Work. 


| January 
February 
March 
I April I 

January 
j February 
I March' ■ 
April 

January 

Kebiuary 

March 

April 


Charcoal 

Required. 


Tons 
per 21 
Hours. 

Tons pm- 
100 Tons 
of Ott 

Volume 
in Cubic 
Metres. 

I Dry 
Weight 
in Kilo¬ 
gramme*. 

33 27 

57'52 

7157 

nsn 

35 22 

5000 

69.13 

1*71 

3575 

6819 

7 3162 

901 

31 3u 

5738) 

7888 

935 

07 95 

flODS 

4737 

750 

lUOUfi 

<10 90 

4 947 


10196 

60 S3 

4727 

750 

100-53 

8190 

4 534 

725 

80 10 

60 50 

4-389 

680 

10195 

60 10 

4-067 

687 

101 un 

60 10 

4746 

671 

mm 

5990 

4135 

654 


Ironworks in India.-C. P. Peria* describes the modern pro- 

K.° Xr.2? ““Sr *** 

... crnmnncl in IM ™d*rL,lrad tauTT 1 K, t’ 1 "“ t ‘ lr - T wort 

to 0 08 per cent in phosphorus. Kiehteen welM Wlt | h 006 

Ituvo been found in the Jberrin fi lf f coa] -* eaniB 

in thickness. The coal-mines are about lO^mHe 01 ^ ° ***! 

plant, and the dolomite and limestone quarries nbUnTlSfl mil^* 

Tata Iron and Steel Company’s rfJtWS b 12 ° “I' 1 **' Th ! 
Knlimnti, which is 152 BE tS tfcSSt ' t#W ? * 

blast-furmcDs, a 300-ton mixer four 40 . fan 1 There arc two 

bran, „d U, *».?!!£ ***?■• *”‘ 

rnomcry type. It m drad.l that it „„, lM 
attempt hy.pro.Juct recovery, in view 1 v,.. • ** un P^* ctlca ble to 
densing ammonia with water at temperature* lm P°?* , * n l ,t y of ®" n ’ 
110“. The volatile content of the T 8 *”*. from »» 

cent., and its average ash is about 18 per cenl* [71^ U> *[ P 7 
strong coke. * oent - 14 Produces a lianl, 

jks * »•- 

who,, operation, «™.d „ „ ^ oU- 

' I'a|«rr real before Uie Nn Yurk Section r .1 
Engineers; Ire* Afr. sol. hrnviii. p 682 ol lh * American Institute of Mining 

* Schoolof Ahoti Quarter!,, vol. sxnti. pp. l«n 7I 
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iron and steel works; (2) To-yeh iron-mines und limestone quarry; 
and (3) Ping-hailing coal-mine and coking plant. 

American Blast-Furnaces- The two new modern Mast-furnaces 
under erection for the Minnesota Steel Company are described. 1 
The stoves are of the three-pass typo, 22 feet <i inches in diameter, 
lltO feet high. The furnaces will lie 21 feet G inches in the honli, the 
shells being lined to u thickness of only 12 inches. One of the novel 
features of the furnaces will he the dry-cleaning devices for eliminat¬ 
ing dust from the gas. From the top of each furnace there will be 
four uptakes, each leading into a centrifugal dry-gna cleaner, the 
downcomer pipe being taken off from the latter and discharged into 
another set of centrifugals at the bottom of the furnaces. These cen¬ 
trifugals again discharge into two others of larger sire, from which the 
gas is distributed to the various places for use-, some passing through 
/schocke washers and some going direct to stoves and boilers. The 
Neeland charging equipment will consist of a single skip with bottom- 
discharge bucket. The furnaces will be water-cooled from top to 
hottom. the boshes living fitted with copper cooling-plat* s, and the 
"hells with outside troughs clear to the top. 

1 details are given 3 of the blast-furnace plant of the Western Steel 
Corporation. These works, which are the only ones west of the Ilocky 
Mountains, are situated at Iroudale, Washington. The Mast-furnace 
is 5G feet high, 11 feet in diameter at the bosh, and G feet at the 
crucible. The blast is furnished by two vertical Wyrner blowing- 
engines, which are used alternately. The temperature of the blast 
is limited to about 900° F. The furnace is charged by hand, the 
ore being carried to the top by elevators. The ore bunkers have u 
rapacity of 1500 tons. The blast-furnace lias a daily capacity of 
70 tons, and was rebuilt in 1909. 

A description is given * of the new blast-furnace recently added to 
ihe Hast-1 ton plant of the Republic Iron and Steel Company. The 
furnace lias a bosh diameter of 22 feet, is 1G feet in diameter 
at the top, and is 90 feet high. It has a daily capacity of 50H 
tons. 

The two new blast furnaces recently erected at the plant of the 
Roger.—Rrown Iron Company, Buffalo, aro described 4 und illustrated. 
Both furnaces are 85 feet in height, und are equipped with 12 tuyeres. 
Kacli furnace is served with four Kennedy central combustion, two- 
pass stoves, 22 feet in diameter and 102 feet high. The three Tod 
blowing-engines are of the horizontal cross-compound type, with air 
cylinders placed in tandem with the steam cylinders. The engines 
are designed to blow against a normal air-pressure of 18 lbs. and a 
maximum pressure of 30 lbs. The blast-furtiaces have a ilaily capacity 
of approximately 350 tons each. 

1 /nm A/p. vol IxxxviiL p. 331. 

» turn Tridt Rn-irw, vol. nil*, pp. 1003-1 IKK 
» Und., pp. 113.V1I38. 

« IHd., vol L pp. 797-«a. 
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Australian Iron Industry— F. W. Paul,* who wm invite! by the 
Government of >ow South Wales to visit the State and report on its 
M 'ndustry, states that, both m regards quantity and 
lualitj. the ore ui .New South Wales combined with that, of the'other 
States warrants the expenditure of the necessary capital outlay for 
the equipment of blast-furnaces and iron and steel works for manu- 
factunng the whole of the iron and steel requirements of the 

le /T co, ; H,,,ers that th * »«ppk«» «»i A nd 

deveIoTme^ e * R t! eq,m I te ^J* 10 same P ,u 'l ,0 * e when the necessary 
elopment takes place. The author states that, given a modern 

Wast^furnace plant producing, say, 5000 tons of pig iron per week, 

E; f ‘;° Ul P ,lt of w,llcL «»• nee.1 in connection wK, a steel 

plant, pig iron, comparing very favourably with English hicmatite 

^ !,t I 48 ' F er ton > 7s. per ton lower than 

is found in good practice in England. 


Charcoal Iron Process. -Particulars are given s of a new process 
for the manufacture of charcoal iron devised by J. J. Hudsun whirh 
is in operation at the works of the Vulcan Charcoal Iren aS’d Steel 
L - Vnne V P , hil “ dBl P hi »- This consists in melting the 
the owi’^rth t.T' 0 ''' iD - a ‘leaigrne.i furnace of 

“ d j i ;; l “‘ l b > tbe “ 1 rf »ji •»-«•«. At™, ,1 

impuriti'es from ^ ,^® charcottl which eliminates the 

impurities from the molten maw. |hfiferent types of furnaces may he 

employed for the process, a 15-ton furnace bidn„ c ' , 

The character of the chiuve is remilatlTw?! ^’' S0< ! " t P re80nt 
to be produced, but b aU t»>e qrndity of the product 

increase the heat and continue the retain*. s!! ) U * ft u° Uh ., el 10 
silicon, and other impurities in L^SdSd T ? ■ P hos P horus - 

claimed; the mass being decarhiuiaed until the ° i* ?* ,nlu ' ,,nl ’ ** |s 
metal shows the quality of iron required T1 . M ' ' " ° iV*° 1110 5* 11 

of pig iron, wrought iron, or sLlTT' ^ ch ' irge U9Uilll - v 
Chemical analyses of eight, heats show: 


Carbon. 

Manganese. 

Silicon. 

Sulphur. 

Pliaiphonn. 

Per Cent. 
0 01 

0 035 
003 
003 
0028 

0 03 

0-01 

o-oi 

Per Out. 
0-06 

0-08 

0-07 

008 

OOti 

006 

0-07 

o-u 

P« Cent 

0 -Olfi 

0*020 

'1-023 

o-oio 

0H83 

0 "O)6 

0021 

0017 

Per Cent. 
0-021 

0 035 

0031 

0032 

0032 

0039 

0024 

0030 

Per Cent. 
0022 

0 028 
01131 
0014 
0010 
0028 
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- Iran TraJe Kevin, roL I. p. 961 . 


' Engineer, »ol. exui. pp. 2 la 210. 
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Physical tests of one of these heats gave the following resalts : 


Elastic Limit 

Tensile Strength 

Elongation 

Reduction 

Pounds per 

Pounds per 

K Inches 

of Area 

Square Inch. 

Square Inch. 

per Cent. 

per Cent. 

27.700 

43.200 

27 25 

69-6 

29,600 

43,000 

25-5 

75 


Electric Smelting of Iron Ore — O. Frick 1 discusses the results 

obtained in the electric furnace at Trollhiitt&n, Sweden. He con¬ 
cludes that tho results prove that tho electric reduction of iron ore 
can be carried out in a technically satisfactory way, although the 
process is open to improvements by which the cost of production can 
he reduced. By eliminating the water from the circulating gas, the 
coal consumption can be reduced by about 14 per cent., and the use 
of burnt lime instead of limestone will secure a further economy as 
there will be less carlton dioxide in the gas, which will thereby 
become more strongly reducing. Other considerations lead to tho 
belief that further economies can be effected. Tables are given show¬ 
ing analyses of the raw materials, gases and slag, and the amounts of 
raw materials employed per ton of pig iron, together with appendices 
showing the coal and power consumption during various periods. 

J. A. Leffler* criticises some of the statements made by O. Frick 
in regard to electric redaction of iron ores at Trolhattan. 

J. J. Smith * controverts the assertion that the white ap|aarance of 
the blowholes which occur in a low-silicon, low-carbon pig iron producer! 
in the electric furnace is due to the entire aliseuce of an oxidising 
condition and of oxides in tho hearth of the electric furnace, and 
points out that he has made white iron full of similar blowholes in a 
charcoal blast-furnace. These blowholes are produced by the action 
of the imperfectly reduced ore in the hath reacting on the carbon 
(presumably that dissolver! in the iron) and thereby forming carbon 
monoxide. The electric furnace will come into its own in time, but 
the growth should be a natural one, unhindered by extravagant claims 
which sometimes tend to excite ridicule. 

T. I). Robertson 4 deals with the working of the electric shaft- 
furnace for smelting iron erected at Trolhattan, Sweden. 

J. B. C. Kershaw* reviews recent developments in the electric 
smelting of iron ore, and describes the various furnaces in use, includ¬ 
ing the Stiuisano, Keller, H moult, and G run wall types. 

P. Nicou • gives an account of experiments earned out at Trolhattan 

> Metallurgical attd Chemical Engineering, vol. ix. pp. 631-639. 

• Ihd., voE i. p, 71. a Hid., vo!. ix. pp. 624-625. 

4 Paper read before the American Electro-Chemical Society; Mechanical Engineer. 
vol. xxviii. pp. 815-817. 

• Iran Trade Review, vol. 1. pp. 41—Iti. 

• Revue 4t MHallurgit, Mtmairti, vol. lx. pp. 209-252; Revue Univerulle dei Mima, 
Series IV. vol. xxxvii. pp 127-184. 









508 


THE IBOX AND STEEL INTJUSTR1ES. 


from November 16, 1910, to May 29, 1911, with numerous tables 
showing the working of the furnac.-s, estimates of the cost, analyses 
of the mu ter nils employe,! and of the charge*, the pig iron prod need, 
the slags and the gases. The results were highly favourable to the 
process employed, and showed that pig iron may profitably be obtained 
in Sweden by the electric process as cornered'with the ordinary con- 
uttions of charcoal smelting. 


Native Methods of Iron Manufacture —Notes ar<> given* of 

the native methods of obtaining and working iron in North-west 
Cameroon. The blast-furnace is built of clay, and is fit tel with four 
tuyeres, hog ore, charcoal, and wood are charged into the furnace, 
and the molten metal runs into a hollow below. 

“5"** Iron.— O. Johannsen * draws attention to the tract 
wntten by the Horence architect, Antonio Averlino, under the name 
of Filarete, between the years 1400-1464. In this tract is given a 
graphic account of the methods adopted f or extracting iron from its 
ore The fuel and ore were thrown in at the top of a stone furnace 
and a blast supphed by powerful btdlows of oxhide worked by water’ 
power. Two such bellows were attache to each furnace, hut only one 
nozzle or tuyere The molten iron collected just Mow the tuyere and 
when suthnent had been produced, u fresh hole was made immediately 

filMwS “if * “ lloWKl «,t into a trench 

filled with water. If u costing was required in tin's metal it was only 

nectary to place a mould between the furnace and the trench and the 
meUd out* way to the latter would fill the mould, the ex,,-as Mlectinc 
in the. trench. The casting was removed when cold. heSStnTmS 
in other furnaces, and worked with a , . ,, 1 

The existence of this tract shows that even in the lift f ^° > ’ 

cart irou was valued and produced on a relatively 

J. Lewis 3 m a lecture hefore the A^eutin,, . t \\ \ a 

describes the <*rly manufacture of i rou itJ Sussed The «uW 
period reouidtd in connection with ,K.. ;...i_ . ' " ullest 



nnio^y much” ^ 

worked. Probably as far hack as rw7 T ^ beTO m,, “ d “ ,1 
learnt something of the value of iron from their Conti^M h “ V *‘ 

who were using it to a limited extent, hut with , U neighbour*, 
figure about which much discussion ha.I »*.; L eX 0 k? P tilon m °f ft 

article of pre-Roman or even Roman times. LW^ W “ 0 finipl .‘ ,Hl 
wm brief, anil it was not until their n nrj. ...l ?** * niht occupation 
seriously attempted to revive or no •ill' that the Romans 

industry. PmcS, u^'Z 

making in the southern counties until 1844 wh , phlU ^ ° f lr ° n ' 

row, when excavating opeia- 

- Aiwa. toL mi. n 1477 

» IhJ ., pp. IU6O-I0G3. P- 14< < • 

ItvmmuHftr, vol. czxzviii p. 44*. 


PRODUCTION OF PIG IRON. 


509 

tlons proved, from articles found, that at Mansfield there had Iwn 
important ironworks covering an arm of about seven acres This 
discovery led to investigations in other parts of the country, and 
among other places, similar remains were found at Bathurst, Chid- 
dmgly. and beddlescouibe. It is significant that in Domesday there 
was no reference at all to the Sussex iron industry. The No', mans. 

;‘ 1, {T r t0 ru‘ V " re ° , T m ‘ <i , tlw workin g». but it was not until 
, that Henry III granted a charter to the citizens of Lewes, 
whereby they were allowed to levy toll on all iron brought into the 
town. There are further records, dated 1290, showing that ironwork 
was supplied for Westminster Abbey. The earliest reference to cannon 
was in 1301, when they were made at Amberley. The earliest tilt- 
hammer was in all probability a cunterUInnced tool, upon the free- 
end of which the workman stepped in order to raise it for the blow 
There is unfortunately no proof to show when the problem of the blast 
was first met effectively Undoubt,slly bellows were used, first single 
and then double, and these were also operated bv water-wheels. In 
due coarse, however, the casting of cannon grew 'to considerable pro¬ 
portions, and there is one known transaction entered into in the 
sixteenth century for the Duke of Cumberland for the supply of 
forty cannon of 3 tons weight each. With regard to the hamme* 
the “uthor refers to a remarkable striker which was found in India 

‘ 7 l„ " wben , t 1 b L-, r ' iil c“- V was b ‘' in n' built l»etween Allaluibad 
and Juhbulpore. W hilo digging for ballast the contractors oune 

hmd S mU<1 MlJ n( ' ar by was found a hammer- 

™ ." b cl '™ curiously like the tool which subsequently became 
faindtar to the Sussex ironworkers. Approximately it was 24 inches 
ong, 16 inches wide, and 9 inches thick, and roughly heart-shaped • 
the beam*" fULrt P lneh<Hl in * presumably to provide shoulders for 

tJftSSS&SP B “ 1 » ian metallurgy Baron de Lavelaye > sUtes 
that .odefnnd Box, of LnSge, built the first foundry in Kngland at 
I a, tf,»d in 1 ,ho -n, e manufacture of pocket-knivm was aUo intro- 

dSIfci tSSSJ i0 “ 5r>0 Bel *»*»« bam the Walloon 

of These knivea arc stiU known os “ Joctolegm,” a corruption 

f Jacques de Lidge. When gun-barrels were first made by Ralph 
Hogg in his ironworks in Sussex in 1543 he employe,! a Belgian 
gunsmith. Pierro van Collet, to make the ammunition. ' 

ir ' • *'T aD ao 5 ount Tbe early blast-furnace practice in 

l pper . ilesui. At one time the country possessed almost inexhaust¬ 
ible quantities of wood, so that the early blast-furnaces were worked 

Tf rokl’»',T I l0 , 1 ‘ 8 V , ‘ " tten,pt m,Mle employ a mixture 

111 tW ° jmn ,ater peat and ch: ‘^ trie,! 

together. Neither of those experiments proved very successful. At 

the beginning of the nmoteenth century several blast-furnaces were 
worked entirely with coke, but owing to the employment of poor coke 


1912.—L 


1 Eijpnttr. vo|. ciui. p. H6J. 

* Stahl uhJ fiiw, *ol. xxxi. pp. 1526-163J. 
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and too weak a blast several years elapsed before the industry showed 
signs of serious improvement. In 1850 Upper Silesia possessed no 
fewer than sixty-six charcoal and thirty coke blast-fnrnaces. 

Mathesius 1 gives an historical account of the development of the 
German iron industry since the introduction of the busic Bessemer 
process. Statistics of production are quoted, and the technical im¬ 
provements in metltods of production and manufacture are mentioned. 

The history of the metallurgy of iron in Japan is described by K. 
Nishio.* Iron was formerly smelted fr om the magnetic Band in the 
regions of Idzumo, Iwaiui, Bitchu, Bingo, and Aki. In the valley of 
the Tojo river there were no fewer than 267 places worked for magnetic 
sand in 16< 1. At the beginning of the eighteenth centurv the metal¬ 
lurgy of iron received an impetus from the invention of balance- 
bellows, which superseded the old tread-bellows formerly used which 
required eight men to operate. Shaft-furnaces were built in 1855 at 
Kobui, Oshiurn, and Hokkaido. The Kamaislii iron-mine was dis¬ 
covered in 1823. Smelting was commenced in 1849, and iu 1860 
shaft-furnaces were built to smelt the ores. 


II. — BLAST-FURNACE SLAGS. 

Composition and Uses of Blast furnace Slag. — H. Fleissner® 
discusses the properties uud uses of blast-furnace slag. The results 
of melting-tests of slags of various compositions are given. 

Utilisation of Waste Heat of Slags.— Particulars are given * of 
an experimental plant for the utilisation of waste heat from blast, 
furnace slags. In the plant described which is installed at the iron¬ 
works of Sir B. Samuelson * Co, Limited, Middlesbrough, practically 
the whole of the heat in the slag U effectively imparted to the water 
in the boiler, the steam generated being used in a low-pressure turbine. 

a - V8 !; em “ b(u,od *• Vnutin P atent - Chemical analyses have 
shown that no trace of sulphuric acid can be detected in the steam 
when condensed; that tho amount of sulphuretted hydrogen is not 
sufficient to be harmful to tho blades of a turbine: that the steam, 
though almost instantaneously generate.!, is superheated about 70° F.: 
and that the quantity of steam generated from a furnace producing 
1800 tons of slog per week could safely be relied upon to develop 500 
kilowatts of electric current per hour with an expenditure of 6 horse¬ 
power for operating the plant. The following figures may be taken 
as representative of the quantities of the principal constituent* in a 
large number of samples of granulated slag aAd condensed steam 
analysed from time to time. 

** — ***"■**» January 1919. PP - 

: a 

* /rm and Coal Tradii Arrmr. roL iMxrTpJ 
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Slag—silica, 28 5 per cent.; alumina, 19 per cent.; lime, 36 4 per 
cent.; sulphur, 1*12 per cent.; iron, from 0’7 to 2'5 per cent. Steam 
(ingrains per gallon)—chlorine, 0'4 ; total sulphur, 10; sulphuretted 
hydrogen, 3; acid, 0. 

The corrosion of the shell of the boiler, after alternately working 
and being exposed to atmospheric influences for several months, i* 
quite normal and uniform, showing no sign of pitting. A quantity 
of clean mild-steel drillings was plaeed in a sample of tho condensed 
steam, and at the end of a fortnight the water was drainer! off and 
found to contain no traee of iron. 

Crushing Slag. —C. Abels 1 gives a description of a plant for the 
crushing of blast-furnace slag which has beon erected in Stieringen. 
'I he blocks of slag from the bogies are allowed to cool, and then 
broken by hand with hammers to pieces not exceeding 25 centimetres 
in diameter. These pieces are taken by trolleys attached by an end¬ 
less chain to the breaking-house, where they are crushed and sieved. 

Slag Cement. —H. Posrow 2 draws attention to the value of iron 
Portland cement for constructional engineering purposes. 

II. Fleissner* discusses the utilisation of blast-furnace slag, and 
gives an account of several different methods for preparing cements 
therefrom. 

1 Stakl uni F.iun, toL >xxii. pp. 614-017. 

* lHi., pp. 477 480. i /Hi., pp. 984-981. 
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Cupola, Construction- — M. Albuetz 1 discusses the construction 
of cupola linings and the material of which tliey are composed, 
together with the relation of fluxes and slag thereto. The cause of 
the rapid destruction of the lining is also dealt with. 

W. J. May * in dealing with the repairing of melting furnaces 
indicates the method of construction of linings which facilitates such 
work. 


Portable Cupola for Emergency Work.— H. M. Lane* de¬ 
scribes the construction and operation of a small cupola, of a portable 
type for emergency work when it becomes necessary to effect imme¬ 
diate repairs to mining machinery. The cupola ran be used either 
with anthracite coal or with coke, provided the sulphur is not too 
high. The special conditions which require to ho observed in working 
a small portable cupola of tins nature are described in detail. Such 
a cupula can 1 h* used for a variety of purposes, and is a valuable 
adjunct in railway work. 

He also describes* foundry operations generally, with special refer¬ 
ence to the repairing of mining machinery. 


Cupola Practice —A new form of combined cupola and air 
furnace, known as the Holland cupola, is described and illustrated. 5 
A vertical cupola is charg'd in the usual wav, and the iron may be 
drawn from the cupola it. part, leaving the remainder to flow into the 
reverberatory or an furnace. Oil fuel i* ^,.,1 in t||e latter all j 
a dose degree of control may be hnd over the oil-burning flame 
■ u the heating and purification of molten metal in the levcrbero 
tory. Into the molten mass in die reverberatory furnace the finelv 
d.v.ded particles of metal, such os filings, borings, ami turnings, are 
added. If it were attempted to utilise them in the vertical cupola, 
the metal granules would be earned away by the blast or to a large 
extent quickly oxidised. The boated gases from the reverberatory 
are conducted to the cupola, so that a maximum utilisation of the 
heat generated is accomplished with a resultant increase in melting 

* J /ti'J!lpp / 79U7^r naJ ' ToL * iiL pp - 500 roww. 

3 Engineering and Mining Journal. vol. *di tm 804-ttm 

* na.. pp. (M7-H61. (W-StW, tWMMO PP ’ ^ 

* Iron Age. vol. Wsrriii. p. *144. 
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capacity, as u plant in Brooklyn has shown. The slag from the 
cupola passes into the reverberatory on top of the molten iron. 
When all the metal from the cupola is drawn through the rever¬ 
beratory furnace, a higher-grade product is obtainable than would 
otherwise be the case. Arrangements can be made for using other 
forms of fuel than oil for the reverberatory furnace, and the blast cau 
be preheated slightly. 

K. Lelwr 1 gives an account of the progress obtained in foundry 
practice daring the last ten years. 

In his presidential address to the Slutlb'M I'.ranch of the British 
Fouiidn men's Association, P. Lougmuir - deals with the development 
of iron and steel founding. 

An account is given “ of Herman and other iron aud steel foundry 
practice. 

Foundry Mixtures. —A. W. Whitney, 4 in dealing with the con 
trol of mixtures for cast-iron car-wheels, discusses the advantages of 
the microscope in car-wheel practice, aud gives some remarkable 
examples of cast-iron chills. 

Use of Scrap iron Briquettes in the Cupola. —It is customary 
to briquette cast-iron drillings before using them in cupola practice. 
II. Adamruer, 5 however, points out that the drillings may be utilised 
direct in the cupola with advantage. He claims that the loss incurred 
is considerably less than that given by Messerschmitt,® provided suit¬ 
able proportions of the cast-iron scrap are employed. 

Recovery of Iron from Foundry Waste —O. Itietkbtter ; draws 
attention to the enormous quantities of good iron thrown away in 
foundry slag-heaps. It is not an uncommon thing in Germany for 
the waste Blag from cupola furnaces to contain as much as 12 per 
cent, of its weight of metallic iron. This is mostly present as small 
pellets firmly fired in and scattered throughout the mass of the slag. 
Even in the most economical cases the quantity of iron amounts to 
4 or 0 per cent When one considers the vast quantities of cupola 
slug produced throughout the civilised world, the loss of iron thereby 
entailed is tremendous. Tim author points out that several firms in 
Germany now crush their cupola slag in order to liberate the frag¬ 
ments of iron, and subject the whole to magnetic separation. Several 
adaptations of the well-known revolving-drum electro-magnetic sepa¬ 
rators are described and illustrated, as being particularly suitable for 
the purpose in view. 

In view of the notable tendency at the present time to recover iron 

1 Stail usd Firm, rot xxxii. pp. 52)r-333. 

* Foundry Trade Journal, nil. xiv. pp. 104-107. 

* Stahl umd Firm, »oL ini. pp. 1957-1'JtiU 

* fnm Trade Rrttnr, vot L pp. 559-002. 

* SUM rmd Fites, vuL nil. pp. 1790-1800. 

* JHd.,s oL xx*. pp. 2004-2071. 

» /lid., voL xxxt pp. 1790-1792. 


514 


THE IRON AND STEEL INDUSTRIES. 


from waste products in ironworks, foundries, and blast-furnace plants. 
G. Freimut 1 gives an illustrated description of the Rietkotter-Kiihn 
apparatus designed for the purpose of separating iron from rubbish 
in the foundry. The apparatus comprises a system of stationary 
magnets formed of two pole-cores, each composed of a bundle of mild- 
steel plates, surrounded by copper coils arranged to give opposite 
polarity. The whole is mounted on a shaft firmly secured at two 
points. The individual plates of tho pole-cores are bent ill the form 
of a secant townrds the cylinder casing, thus ensuring uniform distri¬ 
bution of the magnetism over the zone destined for the separating 
process. The casing which rotates about the magnet system is made 
of powerful iron liars of zig-zag shape, engaging in one another, aud 
secured to a gun-metal hub rotating on the shaft. In passing by the 
magnet system the bars of the casing are converted into secondary 
{Miles, which retain the iron until it has been carried out of the sphere 
of influence of the lines of magnetic force. The conductors for the 
electric current are led through the hollow shaft in order to avoid 
the use of contacts and brushes, which are undesirable in foundry 
work. As the cylinder bars pass by tho magnet system a con¬ 
tinuous inversion of polarity occurs, with the result that the iron 
retained on the casing is maintained in constant motion, so that 
it is well freed from sand, and is recovered as a pure iron product. 
Since the lines of force generated by the electric current run in 
the same direction ns the material to be transported they are able 
to act to the best advantage, and all losses by dispersion are pre¬ 
vented by tho use of suitable precautions. Particulars of a plant 
installed at the GeUcnkirchner Ilorgwerk, A. G., Rothe Erde, Aix- 
ln-Chapelle, are given, together with figures showing the return from 
such a plant installed for treating a spoil-heap and dealing with 10 
tons of material per hour. 


Foundry Equipment — A description is given * of a 30-ton travel¬ 
ling-crane with a revolving jib, which can be turned and guided under¬ 
neath and between the crane-track girders in such a manner as to 
serve the eutire floor of a foundry and permit of castings being taken 
from one part of the Bhop to another. Two such cranes of 30 tons 
lifting capacity, and two of 15 tons, have l>een installed at the works 
of Thyssen <fc Co., Mulheim-on-Ruhr. 

An* illustrated description is given * of a now overhead foundry- 
crane installed at the works of Thyssen k Co., of Mulheim-on-Ruhr. ’ 
An illustrated description is given 4 of a jacketed foundry Indie de¬ 
signed for keeping accumulated molten metal at the same tempera¬ 
ture as when it leaves the cupola, in cases where the latter is not 
sufficiently large to melt in one heat the whole of the metal required 
for a casting. The ladle, which is made of cast steel, is surrounded 


1 rmaary 1 rode Jta rnal. vol. xiti. pp. 577-580. 

* fM.. pp. 752 7*1. W 

* , ’y m *** " ,J ‘> Htvitw, » 0 l. Uxxtil. p, 80S. 

' Hmairy Trail Journal, vol xir. pp. lflft-107. 
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up to the Wei of the trunnionB with a jacket, thus leaving a space of 
from 1 to J inches. Into this space a sufficient supply of hot gases is 
introduced, the latter being obtained from the waste gases of the 
cupola or from some type of mould drier. The hollow space extends 
over the whole area of the Imlle bottom. The temperature of the 
gases is from 400° to 500° F., and the accumulation can, therefore, 
extend over several hours without the metal being affected by chill. 

In view of an accident that occurred owing to the inefficiency of 
the catch of a foundry ladle that was intended to prevent its acci¬ 
dental overturning, a safety device was substituted, of which an 
illustrated description is given. 1 On the squared trunnion of the ladle 
a bar of about 1 foot long was shrunk and pinned. When the ladle 
was in a vertical position one end of this bar rested on an adjusts >le 
screw, and beneath the other end of the bur was a catch, pivoted on a 
pin, having sufficient potential movement to enable it to clear easily 
the end of the Ur. By means of this device, the action of which is 
described, the ladle, in its vertical position, is locked eo that it cannot 
move when being filled or removed from one place to another, neither 
can it rock. The ap|iaratus is adjustable to the wear of the trunnions 
and other parts, and does not interfere with the handling of the ladle 
by the crane. 

An illustrated description is given* of the mechanical handling 
arrangements in the annealing department of a mtilleable iron foundry- 
producing bulky work in large quantities. 

H. S. Green 3 in dealing with modem foundry equipment describes 
and illustrates various machines and appliances that are employed in 
present-day foundry practice. 

Oil-flred Open-hearth Furnaces for Steel Foundries- I he 

equipment of the steel foundry of the National Brake and Klectnc 
Company, Milwaukee, is described 4 and illustrate*!. This includes two 
acid open-hearth furnaces, one of 15 tons capacity and the other 5 tons. 
The large furnace is of the Campbell tilting type, and uses crude oil 
for fuel. The oil is pumped to the furnaces under a pressure of 60 lbs. 
per square inch. Two burners are provided, one for each end of 
the furnnee, and are used alternately. The burners ore exceedingly 
simple. There are two upright pipes, each provided with a regulating 
valve. One pipe carries oil, and the other air under a pressure of 
80 lbs. per square inch. The oil and air pipes are joined at the 
top by double elbows, which act as trunnions and terminate in a 
single" long burner. About four hours are required to melt a 12-ton 
heat. Only two heats a day are tapped from the furnace. Suffi¬ 
cient oil is burned in the night to keep the furnace warm enough to 
avoid excessive expansion and contraction. 

I Foundry Trade Journal. voL nil. pp. 738-729. 

i Paw-r" , rarf > befocc l Uw Halils* Branch of «he British Foundry mco'i Association. 
December t<>, 1911; Foundry Trad* Journal, vol. riv. pp. 90-93. 

* Iron Trade Ftviete. vol. alia, pp- 911-930.J 


516 


THE max AXD STEEL INDUSTRIES. 


A description is given 1 of the arrangement and equipment of the 
new steel-casting plant erected by the Union Steel-Casting Company, 
Pittsburg. The melting equipment consists of two 25-ton acid open- 
hearth furnaces, designed to burn either prodaeer-gus or oil as fuel. 

L. Rich&rine 2 gives dimensional drawings and illustrations of an 
oil fired open-hearth furnace employed at the Tsaritsvne Works, Russia, 
for the production of steel castings and special stee'l. The furnace is 
heated with residues derived from the distillation of naphtha. There 
are two air-chambers, and the hearth is composed of a double layer 
of magnesia Wicks. The hearth is covered with a false bottom of 
granular magnesia mixed with 25 per cent, of slag and rammed hot, 
while the bock wall and the ports are built of magnesia bricks, with 
the exception of the upper portions, which are faced with silica brick, 
and the roof is made up of silica bricks. The furnace ran from 
April 23, 1907, to November 17 in that year, and made 1129 charges 
before it was necessary to shut down, only eight days being required 
for repairs, and the succeeding run comprised 1694 charges. By this 
time the roof was in bad condition, and advantage was taken in making 
repairs to alter the curve of the arch and to introduce further rnodifi 
cations. 1 lie cost of the installation and the cost of making steel are 
given in tabular form. The capacity of the furnace is from 4 to 4| 
Urns per charge, and the number of charges obtained per twenty-four 
hours averages 57, taking the figures given for the first run: for the 
second run was carried out under more favourable circumstances, and 
it was possible to obtain six charges per twenty-four hours, and some¬ 
times even seven. The oil residue or maxout, as it is commonly called, 
has nn average density of 0 91 at 15*. It ignites at 70\ and has a calorific 
value of 11,200 calories. A special injector is employed for feeding 
the fuel, which is pulverised during injection by compressed air. The 
T^teyne \\orkH possess seven other 20-ton open-hearth furnaces, 
e w io e o • ma enal is charged cold. Thev make on an 
average three charges a day each, and under certain conditions four 
charges can be obtained. 

Converters for Steel Foundries.-Deuils are given* of the 
working of a small Be~emer plant for steel castings, together with 
figures relating to cost of production as obtained from German pm.- 
tnv. The small converter may- also be employed tor making coat iron 
of high breaking strength. The method consists in mixing white iron 

molten pig^the rosulttog meUl^S^ 0 £ convertor with 

castTron ”r£°hi \ t * mi>erntme thttt “ "nattainablo bv^ kind of 
cost iron. The high temperature of production of this" spedul grey 
iron-the characteristic composition of which is 2-3 STwnfTf 
carbon, 1-2 p«r cent of silicon, and less than 0 5 per cent of man- 
ganese also gives ,t excellent physical properties The cost of 

* Foundry Trndt Journal, vet xiii. pp. -(W-TW. 883 M °‘ 
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production is about £1 pur ton more than that of good cupola iron, 
illustrations of possible methods of arranging a small convertor plant 
are given. 

Oil-fired Converters for Foundries.— W. Stock 1 describes his 
oil-fired converter process for the manufacture of steel. 

Au illustrated description of the Stock process for the production of 
steel castings, as recently installed at works in Darlington, Sheffield, 
and elsewhere, lias appeared. 1 The process involves the use of u new 
tyjte of small Bessemer converter, and the converter installed by the 
Darlington Forge Company at their works is one of 3 tons capacity. 
One of the features of the process is that the cupola is dispensed with ; 
the melting of the metal previous to bluwing being accomplished in the 
converter itself, crude oil being used ns fuel. The vessel is of oval 
section, so its to ex|Kw« the largest possible surface of the metal to the 
action of the oil burners, and the tuyere box was designed for the 
most effective action of the blast and of the oil jets. The converter 
is lined with silica brick running up to u thickness of 13 inches 
around the tuyeres. For convenience of working, in addition to the 
mounLing on trunnions working in roller-bearings, a turntable is pro¬ 
vided for the revolution of the vessel. Three tons of pig iron and 
scrap cun be charged by three men in about ten minutes. After 
charging, the vessel is moved through an angle of 90° into the {Misition 
for melting. Here the nose of the converter is pointed toward the 
air-heater or economiser. The hot gases from the burning oil are 
<lruwn through the heater by means of the chimney-stack. Blast is 
supplied in the case of tho 3-ton converter by a Roots pressure-blower 
with a capacity of 3000 cubic feet per minute, tho blowing pressure 
varying from j lb. per square inch for melting to 3| lbs. per square 
inch as tho maximum for converting. Air from the blower is delivered 
into the beater through the inlet pipe shown, and after passing through 
the system of pipes goes to the converter. In melting, the air which 
|»asses through the tuyere enters the vessel at a temperature of about 
800° F., and in the burning of the oil a very close appranch to perfect 
combustion has been secured. With a 3-ton converter the metal is 
melted in about 1£ hours. The blow which follows takes from 15 to 
25 minutes. Thus a blow every two hours can ordinarily lie made. 
The oil used for melting is forced by the blower or by an air-compressor 
into a smaller tank which contains a sufficient quantity for five to six 
meltings. This service tank is fitted with a coil through which hot air 
or steam can circulate so as to decrease the viscosity of the oil With 
liquid fuel for melting there is no taking up of impurities in this 
process. The high temperature of the melted charge permits of using 
pig iron low in silicon as well as high percentages of scrap, and a 
very fluid steel is secured, making it possible to obtain difficult and 
intricate castings. 

* Paper read before the Sheffield Branch of the British Foundrymen’r Association; 
lum and Can/ Tradtt Review, vol. Ixxxiv. p. $43- 

* Iron Age, rot Uwvjii. pp. 99M-99R. 
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F. C. Perkins' also describes the oil-fired convertor that is in use nt 
the works of the Darlington Forge Company, Limited, Darlington. 

Pressure of Liquid Iron on the Mould. —In dealing with the 
pressure of liquid iron on the mould, it is stated * that long castings 
should always be poured in a vertical position in order to obtain 
the fullest advantage of the faerostatic pressure which drives the 
specifically lighter slags, gas, air, steam, and sand that are present 
in the mould upwards, so that the casting becomes clean and dense. 
1 he pressure of the iron in kilogrammes per square centimetre of the 
mould wall is given by the expression:— 

OT x height of metal (metres) x specific gravity of metal ( 7 " 25 ). 

Therefore, for a pipe 6 metres (20 feet) long, there would be a pressure 
upon the bottom walls of the mould equal to 01 bv 6 bv 7 25, equal 
to 4 35 kilogrammes to the square centimetre <Ol*77*Ib«. to the square 
inch), or 4-35 atmospheres. The larger the area of the casting, and 
consequently the liquid iron, the greater is the upward pressure and 
the nae of the iron. An iron plate 3*3 feet square poured from a 
height of 10-8 inches sustains a pressure of 3 08 ibs. to the square inch, 
the pressure working upward being equal to 4875 lbs., thus showing 
the need for care in constructing the moulding-boxes. 


Foundry Patterns and Moulding. —In view of the trouble ex¬ 
perienced in making thin castings of large area on account of warping, 
tind that unequal cooling in different parts of the casting may cause it to 
twist or warp so badly that it may become worthless, H. E. Thompson 3 
has designed a moulding-ila.de, by the use of which it Ls claimed the 
troubles incident to such castings can be overcome. The flask is 
equipped with a number of straddling abutments resembling small 
jack-screws, which are damped to the flask ham, both in cope and 
drag, and screwed down to such a position as to bear against the cast¬ 
ing and bold it in shape while cooling. 

C. T. Schaefer 4 describes and illustrates a method of making a 
pattern for and moulding* doable-cylinder casting for automobile and 
aeronautical engines. 

At a meeting of the Lancashire Branch of the British Foundrvmen's 
Association a discussion took t-lnce upon the selection of iron for cer¬ 
tain castings, the qualities of moulding sand.-, u„d the venting of 
moulds and cores.* 

An illustrated description W given • of the design and construction 

nszstivs ?' 68 “ »'•> 

I Mina amd Mineral,. vol. xviii. p. tdZ. 

- tjtun r.atung; Ca, ting,. rol. ii. p, la. 

* Engineering A 'nt,. voL lxvi. p. 

> £!T r ' Engineer, vol. X liv. p. 262 . 

/rvnmsngrr, rot. ouxtIil p. VM ** 

• Castings, vol. fat. pp. (_3 v 
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T. F. Handyman' describes and illustrates a cheap and effective 
method of multiple-moulding on an ordinary hand-pressed or an 
hydraulic moulding-machine, the only extra cost being in some cases 
an additional pattern-plate. 

A. K. McClintock 1 describes a universal pattern-boanl devise 1 to 
facilitate the mounting of split patterns for jarring machine use. 

The method of moulding large slag ladles as carried out at the works 
of the Prime Steel Company of Milwaukee is described.* Each ladle 
is a solid-steel casting and weighs 20,000 lbs., and is 10 feet 5 inches in 
diameter at the top aud 8 feet 6 inches deep inside. The mould is 
made in a pit, the ladle being cast right side np. 

An illustrated description is given ‘ of a method of moulding an 
externiil-ilange cylinder, or largo tlnngo-pipe in loam. 

An illustrated description is given “ of the moulding of an internal 
flange cylinder in loam. 

Details are given 41 of an intricate iron monld for casting small 
projectiles, also a machine for making grate bars. 

J. H. Eastham 7 describes the moulding of a bailie plate of unusual 
shape. 

A method of green-sand moulding without jwitterns is described s 
and illustrated. 

A system of storing patterns, and handling them as required, as 
practised at the works of the Falk Company, Milwaukee, Wisconsin, 
is descrilved by C. A. Tupper.® 

Pipe Moulding. —An illustrated description is given 10 of the 
Herbert system of continuous pipe moulding and casting installed 
at the plant of James B. Clow A Sons, Coshocton, Ohio. 

An illustrated description is given 11 of a process of casting iron 
pipes without cores, designed by H. Molinder. The process is carried 
out in a rotary mould, which, in operation, is revolved at such a 
speed that the centrifugal force throws the iron outward in the 
mould as fast as it is poured in, and in such a way that it flows 
out and produces a more even thickness than it is possible to obtain 
by other methods. 

Foundry Cores. —An illustrated description is given 17 of a plant 
for tho economical making and handling of foundry cores. Apart 

1 Foundry Trade fountal, vol- xiil pp. (Bit 061. 

* Paper read before the National FounrfcrV Auociatkin; Iran Trade Kevin*, vol alii, 
pp. 1013-1015. 

* Canadian Machinery, vol. will, pp- 39 31. 

* Foundry Trade Journal, vol xiv. pp. 80-82. 

» /hid., pp. 156-162. 

J Iron Trade Kevin*, rot. L pp, 947 960. 

* Canadian Machinery, vol. vie p. 312. 

* Etien Zeitung, vol xaalL pp. 741-742. 

* Iron Age. voL laxaviii. p. 330. 

>“ Mechanical Engineer, vol xala. p. 36. 

n Engineer, vol cxiti. pp. 497 498. 

** Canadian Engineer, Foundry Trade Journal, vol. aiil pp. 663-664. 
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from the general compact ness of the plant wherein the corenmkor's 
bonehe* are close to the ovens, and near to both benches and ovens is 
a set of cooling and storage racks. Passing dose to these in such 
a manuer as to serve them all, is a conveyer, consisting of cars of 
t.wo shelves each, suspended at about bench-height from an overhead 
rail, which serves for carrying green cores from the benches to the 
ovens, n nd baked cores from the ovens to the cooling and storage 
racks, cores from the storage racks to the moulders, and finally for 
returning core boxes, driers, and trays to the coremakers’ benches. 

A. E. Outcrbri.lge, Jun.,' describes a practical and rapid test for 
adulterations in core oils. A process of core-making different from tliat 
usually employe,! is now frequently used, jiarticularly in the United 
S ^ ™ P'T etw con “* ta of the preparation of a kind of quick¬ 
sand by the intimate mixing of sharp sand and some vegetable oil 
(preferably linseed), it, the proportion of 30 to 100 parts of sand to 
one part of oil. 1 he mixture living mobile is poured into the core- 
liox until it is well filled, any excess being scraped off by means of a 
straight-edge drawn across the top of the box. Provision is made for 
taking the box apart, thus leaving the fragile cor.- ready to be carried 
to the r onw ltho ut injury. These oil-cores are extraordinarily tough 
when baked ond a ,, npervlollg to moLjture Tfa ire no 

the T. b ^ tea t° ac ?* t ' ma *** is manifested on pouring 

tbe metal Thch.gh cost, of the fine grades of vegetable oils has 

JSatJS J* ,n r xiui ' t,on ■ s ocalled core-oil, which have 

STTfc "* - » **- * 

H. 31. Lane-deals with the equipment and management of the 
foundry core-room, and the materials used for core-making. The 
question of binders is also fully discussed, and the result, of experi¬ 
ments on vanous materials are given. The author also gives a table 
of results of fineness tests of various sands 

J. J. Meteger, Jun.,’ gives detail, of tbe core-room practice in the 
foundries of a manufacturer of valves and pipe fittings where agrent 

"wJmTS 1 “? St * le8 ™ "*** in'large num^rs. 

TP ,rin g .he h of XtjSZfjZSfZ XS 5 

changes in sand, oils, and binders. a He, ted nv 

* «“M». for 


» Jam mat rf tin Franklin ImtituU, »ol. clxxii p„ ffiii ran 

* Journal of Hr Amrnian Sxirt, A UackZnLJi* 1 ' 

• Cailingi. voL ix. ,rp. 177-179 ' 7 * Enginton. 


ttnfi. HI - -- 

* Proftual Engineer, ral. th\ do lR_lo 1 

* Canadian Ua.ktnery. vol rilcpp 53 54 
» Castingi, toL ix. pp. 11 I-U 3 . 

‘ Iron Tradt Ervin, »oi. L pp fin ./yv-r 

* Coilingt. ret ul p. 173 , PP 
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Moulding Sand. —R. Mather 1 discusses the subject of testing the 
various properties of moulding sands. Methods in use at the present 
time are dealt with, and in some cases modifications are suggested. 
The author concludes that what is now required is a thorough scheme, 
very carefully plannt.nl anti carried out, for investigating the reliability 
and usefulness of the tests, with the object of weeding oat those 
which are unnecessary. Reliability and the needful degree of 
ueeuracy should he the essentials required of each test, but the im¬ 
portant place in the scale of values should be given to 'quickness and 
simplicity, so that the foundryman should have no unavoidable difli- 
cultv in using and understanding the tests of his sands. 

E. B. Gilmour" describes a method of mixing and using old sand 
for moulds and cores. 

Moulding sands, and their application to various classes of foundry 
work, ore dealt with.* 

Moulding Machines- —W. Lewis 4 discusses the principal types of 
moulding machines, and points out some of their limitations. He also 
compares the moulding of a certain pattern by hand and by machine, 
in order to emphasise the importance of time saving in the foundry. A 
aeries of illustrations are given showing tho moulding of a wheel on a 
combination jarring and roll-over machine. 

A moulding machine for light work, in which the jolt-ramming 
and squeezing principles of making moulds are combined, is described 4 
and illustrated. 

What is believed to be the largest jar-ramming moulding machine 
ever built is described 0 and illustrated. 

A turn over, power-dmft moulding machine, in which separate 
cylinders are employed for turning over the mould and for drawing 
the pattern, is described 7 and illustrated. 

Chilled Castings. T. D. West 4 outlines a series of experiments 
to determine the effect of different methods of treatment in chilling 
or hardening cast iron during tho process of cooling, after pouring tho 
mould. The first experiments, -showing how to produce mechanically 
mottled and white iron inside a grey body, led to experiments with 
chillers used in different ways, and with various other beat-absorb¬ 
ing or hardening media, such as air, charcoal, powdered manganese, 
or cyanide. A study is made of the effectiveness of chillers of different 
thicknesses and of different metals, and of the effect of cooling the 
chillers. The experiments indicate, among other results, that the 
accepted idea that chilling occurs entirely while the molten iron is 

> Paper rend before the Sheffield Branch of the British Foundrjtnen’s Association, 
December 9, 1011; Foundry Trad* Journal . vol. xiv, pp. -18-50. 

* Caitinp. vol. ix. pp. ifc-lSO. 

* Foundry Trad* Journal, vol- xiv. pp. 38—10. 

* Journal of lit Franklin Institute, voL cIxxiL pp. 227 251. 

* Iron Trad* Review, vol. xllx. p. 712. • IHd ., p. 832. 

» Hid., voU L pp. 547 549. 

* Journal of the American Satiety of Mechanical Fngimetri, vol. xxxiv. pp. 837-8G2. 
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solidifying is wrong ; and they show how stronger grades of iron can 
be used for car wheels and rolls, and still obtain tho desired depths 
of chill in such castings. They also demonstrate tho superiority of 
air-cooling over metal chillers. 

T. I) 'Vest 1 describes a series of tests relating to the relative 
strength of grey iron and of partly or wholly chilled iron, showing the 
i f; mhlnnt,on ,n chilled castings. Many tests are presented of 
clullnble iron alloyed with vanadium and titanium. Previous to these 
tests, experiments were made for the purpose of establishing a size of 
round bars suitable for making testa of chillable irons where it is 
necessary to have the bars either of a uniform grev structure through¬ 
out or capable of being chilled throughout, the 'metal in each case 
being poured from the same ladle. The effect is shown on the results 
of testa of different bars in testing with regard to the qnalitv 
or grain of the metal. Attention is called to the advisability of 
drop taste for cast iron, and to the complexity and sensitiveness 
of chiUublo iron mixtures, requiring care in mixing, casting, and 


Imperfect Castings -B. Osann * criticises T. D. West’s * recent 
paper on the formation of gas cavities in castings. 

Special Castings — A Trowbridge, 4 in dealing with die castings, 

Sn« in eI te U eT mar L u of the manufacture of small 

^ f T ^ H ® 0utU ? W the P'™«ples of this process of 

lasting and of hand and automatic casting machines, and gives the 
composition and characteristics of the metals best adapted for use 
with reference to the effect of temperature and shrinkage together 
with examples of comparative cost. 8 

vertical! y EaStbam * ******* “ m "* hod of machine rollers 

E. Muller* discusses in detail the value of cast-iron radiators such 

qJZ17 Thi best r haaum an ' 1 P ,lWic Gildings in 

(leimany. 1 he best methods of casting them are likewise detailed. 

Burning-on in the Foundry —J. a. Hughes’ gives the results 

of experiments earned out with u nnml 8 . gives tne results 

steel, devised by himself The exZ ° f b , urnin « to 

Indian works possessing a Tropenns plant nnd'w Un< ® rt, * kcn at nn . 

new traffic conditions imposed upon the Indian rail™ '° °" tC °. mo ,° f 

xszzlsz arfb* Myrartt 

“*» “ TutigZS 

J Lanad***' Afacktmtry, *r>|. » IL p ^3 1 roL pp. 


• Stahl umd Kitm, voi: uri. pp."l061-lU57 am 
Kmgimtrring, toL laii. pp. 410-417. *' 1131 21J< ' 
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section, anil tlie journals increase*! by J inch. As the size of the boss 
of existing wheels was such as to preelude the possibility of boring it 
out to take the new axle, the process of rusting mild steel on to 
wrought-irou wheels was tried. The method of carrying out the 
experiments is described. 

Casting of Stove Plates — 0. Johnnn.sen 1 gives an interesting 
account of the preparation of ornamental cast-iron stove plates for 
public and private buildings. The article is illustrated with beautiful 
photographs of such plates, cast at various times, since a.i>. 1508. 

J. Larins 3 also contributes an interesting paper on the early manu¬ 
facture of ornumentid cast-iron plates for stoves in private dwellings 
and public buildings on the Continent. The article is illustrated by 
beautiful plates illustrating the types of ornamentation—mainly 
scriptural—which were executed. 

Steel Castings. —In discussing the subject of steel castings, H. 
Urearley* points out that the coarse crystalline appearance which 
the fracture of a steel casting was supposed to have was not now a 
sufficient distinction between castings and forgings. The author 
considers it highly undesirable that unannenled castings should be 
brought into any kind of service where a good casting was nocessary, 
and explains how, quite apart from the question of cooling stresses, 
they might be expected to fail. He also shows how the important 
question as to whether a casting had been successfully annealed could 
he determined by simple means. Tho cooling of metal os it passed 
from the fluid to the solid state was illustrated by a few instances 
occurring in simple shapes cast in chill moulds. 

K. F. Lake 4 describes and illustrates various methods of casting 
steel and alloys in a vacuum. 

Aluminium Castings. —Some practical hints on the moulding 
and casting of aluminium are given. 9 

Cleaning of Castings. —W. T. Mogrnder* gives the results of a 
series of practical tests of a sand-blast machine under the actual 
conditions of commercial practice. The tests were carried out on a 
Pang born machine, the rough surfaces of pieces of cast iron which 
had been cast in one mould being blasted by uir from which the 
moisture had been separated, with dried and screened new t.'ajsj May 
grit The results show that— f 1) for a distance of 8 inches and an 
angle of 45 degrees, the equivalent amount of free air delivered per 
minute, the iron removed, the sand discharged, and tho sand used up 

I Stahl uni Risen. vot xxxii. pp. 337-342. 

■ hid., pp. 519-MM. 

1 Lecture delivered before the London ('ranch of the Orituh Koundrymeot Associa¬ 
tion, March 8, 1912. 

* Iron Age. vat Ixxix. pp. 119 124. 

* Foundry Trait Journal, voL xiii. pp. 718 719. 

* Journal of (hr American Society of Mechanical Rnginctrt, to), ixiiii. pp. HS91-1704. 
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per 100 cubic feet of free air flowing per minute, vary directly with 
the pressure; the amount of usable sand remaining and the amount of 
sand discharged per pound of iron removed vary inversely with the 
pressure; (2) for GO lbs. pressure and 8 inches distance the largest, 
amount of iron was removed and the least amount of sand was 
required to do it when the angle between the nozzle and the work 
was 45 to 60 degrees ; (3) for 60 lbs. pressure and 45 degrees between 
the nozzle nnd the work, the largest amount of iron was removed, and 
the least amount of sand was required to do it when the distance was 
6 inches; (4) the quantity of sand used varies with the directness of 
the blast, and (5) inversely with the distance from the test-bar. 

A description and illustrations are given 1 of a sand-blast tumbling 
barrel apparatus, fitted with a sand separator and suction hoppers, 
for cleaning castings. 

British Foundries. —A description is given * of the foundry at the 
Nautilus Works of Patters Limited, Yeovil. 

Am erican Foundries. —An illustrated description is given 1 of the 
new continuous foundry of French ii Hecht at Davenport, Iowa, for 
the manufacture of cast-iron hubs and boxes for wheels, which are 
produced in large quantities. 

The general arrangement of the new malleable iron fouudry of the 
Prescott Malleable Iron Co., Wisconsin, is described ‘ and illustrated. 

Details are given 5 of the equipment of the foundry of the Malleable 
Iron Range Company, Beaver Dam, Wisconsin, and the methods em¬ 
ployed in the production of malleable iron stove plates are described. 

H. C. Estep gives particulars of the equipment of the grey-iron 
foundry of the M. Rrnnely Co., La Porte, Indiana. 

An illustrated description is given • of the equipment of the foundry 
of National Brake and Electric Co., Milwaukee. 

Details are given 8 of the foundry equipment of the Best Manufac- 
tunng Co. f O&icmont, I ennBylvania, for the manuforture of pipe 
fittings. 

Details are given 5 of the construction nnd arrangement of the new 
foundry of the Interimtiomd Harvester C 0 . at Springfield Ohio. 

L. G. Dennison '"describes the equipment of the Joliette Steel and 
Iron Foundry Co. Limited, of Joliette. 


Use of the Microscope in the Foundry.— The importance of 

metallography in the foundry is dealt with, and the points of interest 
to practical foundrymon an- reviewed." 


1 Calling!. vol. tx. p. 25. 

• Enginmr.raE aria. pp 358-359. 

Inn rnJefttruu. rot xlix. pp, 729 - 735 . 

1 Hid. , toL litx. pp. 911-Mi. 

• HU-.jp I. L pp. 150. . nid.. pp 233 m 

ii *oL *iL pp 821 3S5k 
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Accidents in Foundries. -W. H. Cameron 1 deals with the pre¬ 
cautions taken by the American steel foundries for the prevention of 
nccidente. 

Foundry Costs. —G. E. Andros 2 dismisses the keeping of records 
of foundry operations, and gives a chart for recording production 
costs. 

C. J. Simeon * discusses the scientific management of the foundry, 
and advocates the use of the slide-rule for settling piecework prices 
for moulding in large foundries. 

In discussing the question of cost-keeping in foundries, the btuvis for 
a reasonable profit, and the method of ascertaining and applying the 
elements tbot should enter into a correct estimation of foundry work, 
are dealt with. 4 

1 Paper read before tbc Pittsburg Foundry men's Association, April 1,1912; Sttckanical 
Engiwttr, vol. rtir. p. 4SO. 

- I rvn TnuU tfrviinr, vol alia. pp. 106.1-1067. 

3 Mid.. »ol. 1. pp. OH IO. 

4 Eium Zatung; Catting), toL ia. pp. 104-106. 
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Presses —A double-crank forcing press, embodying a 

' T W Tc’ U .******* «•! illustrated. 1 The machine 

' a , P . . for general forging work, including the forming of hammer 

. Ch t- nn ', 1 **** required by make™ of mTnTng 

the nrnai i< ,4 g 1K u “ m uuplementi. One of the special features of 
ScU e hli^ 7 new ’**& of counterbalance 1 The strains to 
canl Ire L L tTn Hub J ecte,i nre taken through bolts and the 

tt ”' ngem * ntwhicb the easy 

Clai^of wur P klreTealt mtM ° f ^ pr °'^ e8 for dUIerent 

Electric Driving of Rolling Mills.—C A Ablett* discusses 
S ee To m ens^rt)’' 1 ri nVO,V V 1 in tht ' e, -^cal driving of 

required for driving The Ilpr ‘ flu 5 tuatl °ns m the power 

with different weighteofflv-w P heel^d e wiA^ ,(?n pow . er ch ‘ in ^ 

r „^ )w K,r fr-.-T^ 

centage power variation to a small vnh 'educe the per- 

the interval is short compared wiVthlrim f “ rC ro, l u * r ^- a U 
wheel will serve but whK^St^^,* **“ P “** “ ^ 

pass, heavier fly-wheels most be imeil T n compared with the 

simple, because the various passes in rolling ? Ct,C ° t ^“5 1ia>t *® “ n . ot 
section require widely differing no°" n a. billet to a definite 

intervals also differ widely. ThJ choice t,me ° f paf ’! Mf9 w ? d 

motor anil the weight of' the fly-wheel 1 l’ ow ‘ ,r of a rollmg-miU 
between power and fly-wheel weight that 

* Iren Af r, vol. trovtu. p. G-M. 
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to it minimutn, depends on whether power is generated within the 
works or whether it is purchased from outside. In the letter case 
there are various systems of charging for power, which material]*- 
affect the most favourable proportions between motor and fly-wheel 
Some typical cases, showing bow the system of payment affects these 
proportions are considered, anil the advantages of three-phase and 
direct current for merchant mill driving are compared. 

C. A- Ablet.t 1 elsewhere discusses the electric diiving of rolling- 
mills, and describes at considerable length some of the three-high mills 
electrically driven on the llgner system which have been installed on 
the Continent. He calls attention to the high speed at which it is 
possible to drive the mill. It is urged that much economy results 
from using the llgner system of driving three-high rolls. Bare can 
be got more rapidly thiough the mill than with other methods of 
driving, and they can be finished at n much higher temperature. 
Continental experience hns shown that with three-high mills driven 
on the llgner system the output, is from 20 to 30 per cent, greater 
than can be obtained ordinarily. 

B. R. Shover 5 and E. J. Cheney, in discussing the economics of 
the electric driving of rolling-mill plant, consider it beyond question 
that induction motors should be used for driving the main rolls, but 
there is a diversity of opinion us to whether the auxiliary machinery 
should be driven by alternating or direct current The authors find 
that—(1) the alternating current system costs slightly more than the 
mixed system, the excess first cost being higher for 22,000 volts trans¬ 
mission than for 6600 volts, and higher with gas-engines than with 
turbim>; (2) the lower the power factor the greater is the excess 
cost of the all-alternating system; (3) the annual costs of the oil-alter¬ 
nating current system considered uie lower than those of the mixed 
system; (4) the actual operating costs ate considerably less than 
those of the mixed system ; (5) if the saving in output due to the 
fewer delays in the nil-alternating current system is taken into 
account, the saving in costs will be largely increased. 

An illustrated description is given* of the electrical equipment of 
a 28-inch reversible cogging-mill installed at die works of Dorman, 
Long ifc Co., Middlesbrough. The mill is designed to reduce mild- 
steel ingots 12 inches square and weighing approximately 1 ton each 
to billets 3 inches square at the late of 15 tons per hour. The mill 
itself consists of one stand of rolls and one pair of pinions directly 
connected to the shaft of the driving motor by a special sleeve coup¬ 
ling. designed to avoid the transmission of any severe thrust to the 
slmft and l>earings. The motor is capable of giving a continuous 
output of 1200 hrake-horee-power at a speed of 70 revolutions per 
minute, and a maximum torque corresponding to an output of 3600 
brake-horse-power at the same speed. Current is supplied to the 
mill motor by a special reversible continuous-current generator which 

» f'rocttJimg, of lie Clovtland InUituticn of Enginttn. 1911-12. No. 2. pn. 30-75 

* EUrtrical World, voL Iviii pp. 7W-7W 

* Iron and Coal Tradn Xrvim, rol. Iixiiv. pp. 483-1*4. 


528 


THE IKON AND STEEL INDUSTRIES. 


forms part of a fly-wheel equaliser. The generator, which is capable 
of giving continuously an output of 1000 kilowatts at a pressure of 
40U volts, 19 coupled directly to a tin ee-phase induction motor of the 
slip-ring typo, designed for a continuous output of 950 brake-horse¬ 
power at any speed between 400 and 480 revolutions per minute, 
when supplied with current at. 2750 volts and 40 cycles per second. 
The fly-wheel has a weight of 30 tons and n peripheral speed of 
approximately 310 feet per second. 

W. H. Lake 1 gives an illustrated description of the electrification 
of the mills at the Shelton Iron and Steel Works. 

Ihe electric-driving equipment of rolling-mills at the Lochrin 
Work* of William Bain & Company is described.* 

Sykes 3 gives particulars of the electrical equipment of the 
universal plate-mill at the works of the Illinois Steel Company, and 
also the results of five years’ operation of this mill. 

B T. McCormick 1 describes the electrical equipment of the revers¬ 
ing blooming mill at tho plant of the Algonia Steel Company, Sault 
Ste. Marie, Ontario. ^ ' 

A. 8. Ahrens* discusses the advantages of electric power for driving 
tube-making mills, and describes the practice at the plant of Spang- 
(. hfufant A' Co., Pittsburg, where htiiaII tube* are made by the butt- 
welding and large tulies by the lap-welding process. 


Power Requirements of Rolling-Mills. -J Pu PP o« deal* with 

the consumption of power in girder, wire, and plate rolling. Experi¬ 
ment* were carried out at the Peine rolling-mills with the object of 
ascertaining wlrnt class of power was most economical for rolling 
girders. The results show that the maximum efficiency is obtained with 
electric power. Two trams were studied, a large one and a smaller. 
The funner consisted of four three high sets, 90 centimetres (36 inches 
approximately) in diameter, and 220 centimetre* (82-86 inches) in 
length The latter comprised three three-high sets 78 centimetre* (31 
inches) in diameter, and of approximately the same length. Separate 
tandem compound engine* were fitted to each with fly-wheels weighing 
8J and ,J ton* respectively. Tho results obtained are given in the 
table opposite, frarn which severalinteresting ,-oinU may be gathered. 
The elongation wa* calculated by dividing the main initial cixL section 
by the final cross section Tho steam consumption was measured bv a 
Hallwach. meter. It will be obseiwed that the consumption of st*\m 
per ton of final weight is a function of the output per hour decreasing 
as the output increase*. The temperature of the h.gots is likewise an 

c^f 10ff7 S 10tO 1>ctmber W » 911 5 

« Irm and Coal Tredr, Rn-inu. toI. bJR d °‘ 

E D|r ; BeOT . Aprfl 25. mu: 

4 /lid,, pp 1*58 Wifi 

• RUctnt Journal, December lint • ami i 

-10-211. d C Tradt, Rrvira, *oL luiir. pp. 

• Stahl and Etxn, xrxii. pp. 0-12, 10(4-111. 
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important factor. The heaviest ingot fell through 160° C., whereas 
the lightest^iogot, initially at the same temperature (1310" C.) fell 
through 310 c C., or twice the amount. The experiments on wire-mills 
were earned out at Xeuboffnungshutte, and those on plate-mills at 
Dillingerhiitte. 

B. N. W cHteott 1 describes the methods used in testing the power 
requirements of rolling-mills, both steam and electrically driven, the 
object iu view being—(1) to secure u continuous record of the power 
required to drive the mill; (2) to secure a continuous record of events 
taking plact* in the mill, anil (3) to connect definitely and positively 
the records uf 1 and 2. 


Pressure on Rolls of Rolling-Mills. — J. Puppo* discusses 
V “ ,, r ? r f° 6nt r ro P° Hil1 ^ or feg'dating the premura exerted upon 
the rolls during tlie rolling of sheet iron, and the avoidance of too high 
a pressure, with consequent unnecessary strain U|>on the machinery. 

M. Herrmann 3 discusses mathematically the theory of rolling, and 
formula- are deduced f«o ra which it is possible to calculate the power 
required, the pressure produced between the rolls, Ac. 

. ®oH'Drafting. B. W eissenberg 4 deals in detail with the imtavine 



be employed which shall give the best results with the minimum 
expenditure of energy owing to the numerous factors involved, the 
temperature of working Iwing one of the mast Far this 
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An illustrated description is given 1 of an arrangement, of driving- 
gear designed by A. Lambert on for two-high reversing rolling-mills 
in which, to avoid reversal of the direction of rotation of the rolls, 
the latter, constantly driven in one direction, are curried in housings 
which ore capable of oscillation through 180° by means of nick and 
pinion gearing in gable-like end-fnmies, so us to reverse the relative 
positions of the rolls. 

Canadian Boiling-Mills- —A description is given * of the plant of 
the Canada Steel Company of Hamilton, Ontario, whoee speciality is 
the utilisation of old steel rails for the manufacture of agricultural 
implements and for other purposes. The rails which have a carbon 
content of about 0‘40 per cent., are broken by hand into 7J and 
1 1-foot, lengths, and are passed to a continuous-heating furnace 
heated by coal. A feature of this plant is that no steam is used for 
any purpose. The furnace ash-pits are water-sealed, and the dropping 
of t he hot ashes into the water generates sufficient steam vapour to 
soften the clinker on the grate bars. The rail is pushed into the 
coolest part of the furnace by means of an electrically-driven feeder, 
and is fed into the furnace crossways; each advance of the 
feeder moves forward all the rails in the furnace, and on arrival at 
the other end they are ready for rolling. The rolling-mill consists 
of si* sets of 12-incli three-high housings and one set of two-high 
housings. The first pass through the rolls separates the head, 
weh, and flange of the rail. Each part is then passed through the 
various sets of rolls and made into finished bars nt one heat. The 
head of the rail is rolled into rounds, squares, and flats, while the web 
and flange are mostly utilised for angles and shapes. 

American Rolling-Mills. — The new merchant-mills of the Lacka¬ 
wanna Steel Company are described * and illustrated. They consist, of 
one six-stand 12-inch continuous roughing train, and four two-stand 
10-inch finishing trains. The billets, which are 30 feet in length and 1J 
to 2$ inches square, are brought from the billet-mill on cars and handled 
by a crane, and weighed and introduced into the furnace by means 
of a Morgan conveyer of the usual type. The heating furnace is of 
the suspended roof continuous type, having a heart h 30 x 25 feet. 
The furnace is gas-fired, gas being furnished by four 10-foot Morgan 
gas-producers. After heating, the billets are delivered to the first 
stand of the continuous roughing-ini 11 and a power-driven toggle- 
shear between the furnace and the roughing-mill shears them to 
proper length. This shear is arranged to operate independently on 
two separate lines of billets, cutting them as they are passing through 
the rolls. From the continuous roughing-mill the bar passes to the 
10-inch finishing-mills. 

* \t«ka»ical F.nginttr, «oL urriu. p. 708. 

■ Canadian Machinery, trot *ii. pp. 

1 Iran Aft, voL Uuviii. pp. 690-391. 
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After pawing through the finishing-stuuds the bar ls delivers! to 
a double cooling bed 360 feet long, of the Morgan inclined escu[H!Uieut 
type designed to h.mdle sections from J-inch rounds up to 3-inch wide 
flats. There are four pouring-typo automatic reels for coiling wire, 
rods, nut-flats, and other sections. The reels mechanically discharge 
the coils on to a conveyer which delivers them to a hook carrier. 
The hitter automatically takes the coils from the first conveyer and 
delivers them to any point, on the loading-dock. 

A motor-driven sheet- and strip-mill installed at the works of the 
Philadelphia Roll and Machine Company is described > uu d illustrated. 
The sheet-mill equipment consists of one stand of 20 x 36-inch two- 
high roughing rolls, and one stand or 20 x 30-inch two-high finishing- 
rolls, and a set of 20-inch two-high pinions. It was specially designed 
to meet the extraordinary heavy duty requirements encountered in 
this class of work. The area of the housing postB is 196 square inches, 
the housings being 7 feet C inches high, and the total width at the 
central point being 4 feet 8 inches. The total weight of the mill 
including the gearing and one set of rolls, is 181,130 lbs. All the 
castings are made of a special charcoal air-furnace iron. 


Ample provision has been made for the lubrication of the roll and 
the pinion necks liecause of the great pressure which the maul exerts 
upon them during the rolling process. To accomplish this. siiecLilly 
designed deep pockets were cored in the casting* to retain the 
lubricant. The wearing parts are so constructed and fitted in position 
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Upson Nut Company, Cleveland, Connecticut. The equipment con¬ 
sists of a 34-inch blooming mill and a semi-continuous finishing mill 
of the Morgan type. 

Details are given* of the arrangement of the roll-stands in the 
rail and merchant mills of the Minnesota Steel Company’s plant at 
Duluth. 

The new mill of the Laclede Steel Company, St. Louis, designed for 
the re-rolling of rails and billets into bars and shapes for agricultural 
implements, is described 3 and illustrated. 

A description is given 3 of a new type of mill for cold-rolling sheet 
metal. 

Lighting of Rolling-Mills. — At the September meeting of the 
Association of Iron and Steel Electrical Engineers in New York in 
September 1911 papers by H. M. Gassmuu, C. J. Mundo, and W. 
Harrison were read dealing with the question of more effective methods 
of mill illumination. 4 

Mechanical Cooling Beds. — J. Schmitz 5 describes some 
mechanical cooling beds recently introduced into Germany for the 
reception of hot bars straight from the rolls. Some of the beds are 90 
metres long, and consist of bars of iron, plain and nicked. Inid across 
at intervals like sleepers on a railway. The nicked bats are capable of 
rising a few inches above the plain ones, which latter are permanently 
fixed to the floor. The former then move in the direction of their 
length ami hence transversely to the length of the bed for n short 
distance, equal to that lietween two consecutive nicks on the bars. 
They then sink below the plain bars and return to their original jiosi- 
tion. The hot bars from the rolls are brought to the side of the bed 
and laid on the permanent transverse bars. The nicked bars then rise 
and fall, and with each rise carry the hot bars a short distance across 
the coaling bed until they reach the opposite side, where they roll 
on to perforated iron plates and remain until required further. 

Manipulators. —An account is given 4 of recent improvements in 
rolling-mill manipulators. 

The “Step " Process. — A. E. White 7 gives details of experiments 
carried out by means of the Jones-Step process for the utilisation of 
the low-grade ores of the Kloinuu Mine, Michigan. 

1 Iran Trad/ Hrfinv. voL L pp. 34»-3&i 

* thd., pp. 743-74". 

» tHd.. up. S4.VS44 

* tram Aft, voL Ixxxriii. p. 737. 

• Stahl and Eistn, voL xm. pp. MOS-1443& 
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\.—OPEN-HEARTH PROCESS. 


Open-hearth Practice. —B. W. Hear] 1 discusses recent develop¬ 
ments in tho open-hearth process. 

Briquettes for Use in the Open-Hearth. — A new raw material 
for steelworks is described 1 The product is sold commercially under 
the name of Swedish sponge, and is obtained by reducing briquettes 
of ore by mean* of carbon monoxide at a temperature below the fusion 
point of iron. Pure magnetite is employed, and the resulting briquette 
is of a bluish-black colour. Its composition is as follows • 


PerCem. 

. Mii 
. 0007 

. 0012 


Iron 

Silicon . 
Phosphorus . 
Gangur . 
Oxygen . 
Carbon . 
Manganese 




storage. It is said to pones, important advantages when uses] in the 
open hearth furnace or in electrical furnaces, while its price is quite low. 



filled and emptied together. ^ 

l Jamil aftka Wait af SautUni trim omd X/a.1 Uititala, rot. xi: 
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Steelworks in France. —C. Bouvnrd 1 gives a description «f the 
new steelworks of the Societe Fran raise de Constructions Mccauiques 
at Dennin. There nre two fixed-tvpo open-hearth furnaces of 15 tons 
capacity each. Three producers have been installed for each furnace. 
Dimensional plans ami drawings of the furnaces both in section and 
elevation accompany the description. 

A description is given s of the Etablissementa Arbel, Douoi. There 
are two open-hearth furnatvs, one being a Iwisic furnace of 18 tons 
capacity, and the other an acid furnace of the Ifidormann-Harvey 
type. A description is also given of the shops of the Fives-Lille works 
in the Nord. 

Indian Steelworks. -An illustrated description is given * of the 
mineral properties and steelworks of the Tata Iron and Steel Company 
of Sakchi, Bengal. 

American Steelworks- —A description is given * of the open- 
hearth steel plant of the Western Steel Corporation at Irondale, 
Washington. The basic process is used, the furnace bottoms being 
made of Austrian magnesite. Each furnace bus a melting chamber 
22 feet long and 11 feet 3 inches wide. Being designed for oil¬ 
burning there are two air regenerators under each furnace, 16 feet 
long, 12 feet 3 inches wide, and 14 feet 8 inches deep. The oil- 
bufrners are supported on the melting platform, and can he withdrawn 
from the furnace at will. The oil is atomised by stenm, and is 
supplied under 60 to 80 lbs. pressure at 250° F. Two oil-fired 
ingot-heating furnaces are situated in front of the casting pit, 
and serve the purpose of soaking pits. The steel plant bus an annual 
capacity of 42,000 tons of steel. 

An illustrated description is given 4 of the open-hearth plant of the 
Upson Nut Company, Cleveland, Connecticut. Steel is produced in 
four 60-ton basic furnaces fired with natural gas, which are also 
arranged to burn producer-gas. The working heurth of eucb furnace 
is 35 feet long, 13 feet 9 inches wide, and 4 feet 10 inches deep 
from the door-sill to the top of the Imttoni plate. The furnaco has 
three port uptakes, two for air and one for gas. Each of the furnaces 
is served by an electrically-operated jib-crane for bundling the tapping- 
spouts. Two sixes of ingots are cast, weighing respectively 5000 and 
7000 lbs. The ladles into which the steel i» tapped have a capacity of 
65 tons. 

The open-hearth plant of the Portsmouth Steel Company, Ohio, is 
described." Steel is produced in seven basic open-hearth furnaces of 
60 tons capacity each. . 

1 /ftvu* it Si/taU»rgit. .V/mairri, vol. vat. pp. 647-654. 

8 Comfit: Rtniu: it U Soti/U dt t InJuttrir \fia/rali. 1911. pp. 557-561. 

* /rm anJ Cm/ Trait: Rtvirw, vol. Ixxxiv. pp. 675-679. 

* Inn Trait Rtvirw. voL xlix. pp 1003-1008. 
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Scrap-bundling Machine. —A description is given 1 of a machine 
for bundling loose scrap, which operates with two distinct hydraulic 
presses, so that from 100 to 400 Urns pressure is exerted, distending 
upon the weight of the finished bundle and the thickness of the metal 
handled. Another type of press is described, 1 which is capable of 
forming from 15 to 25 hales per hour, weighing from 2 to 3 tons. 

Open-hearth Charging Machine. —An illustrated description 
is given 3 of a charging apparatus for charging open-hearth furnaces, 
designed by B. W. Head. 


Shears for Cropping Ingots — -A description has appeared'* of 
a machine for cutting off the waste ends of steel ingots, and for 
cutting ingots and forgings into short lengths to suit requirements. 

Direct Production of Steel. —An illustrated description® has 
appearod of two designs of an open-hearth gas-fired furnace for 
the direct production of iron and steel from iron ores. The main 
principle is the construction of the hearth of such a character as 
to resist the action of corrosive slags, and in such a manner that 
simultaneously, both from beneath and above, the contents of the 
heurUi may be subjected to high temperatures equal to or exceeding 
1600° C. The furnaces are the joint invention of W. S. Simpson and 
H. Oviatt. 1 


Gua - Poisoning in Steelworks. — The Commission appointed 
by the Illinois Legislature to study occupational diseases in the in¬ 
dustries of the State has issued a report- on carbon-monoxide 
poisoning among steelworkers. A uniform deficiency in muscular 
powers was found to exist among workmen exposed to the gas, and 
this feature was so marked as clearly to indicate that the frequent 
contact of steelworkers with carbon monoxide cause.! a deterioration. 
The second startling development of the inquiry was that all the 
steelworkers examined seemed to be mentally below the average. 
It ts stated that, m view of the fact that prolonged exposure to 
carbon monoxide may produce a profound impression on thtTnervons 
system, part of the sluggish mentality exhibited among the steel¬ 
worker. may be duo to frequent exposure to the gas. Amongst 900 
employees of blast-f.irnuces, 65 severe and 216 mild cases of gas- 
poisomng occurred in the year 1910. The number of fatal cJs is 
returned m I.t during the four years comprised in 1907 to 1910. 
Among 212 employee* of boiler-houses there had been one severe, 
otio fatal, BQtl 5*> mild of ^s-poisoting, 

i roU - PP »» ISA 
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II .—THE BESSEMER PEOCESS. 

Steelworks in Prance -A description is given 1 of the Jordan 
steelworks belonging to the Dennin ami Auxin Company at Sonmin, 
France. Thu installation includes two mixers and four converters, 
which are capable of producing 1000 tons of steel daily. The con¬ 
verters have a capacity of 15 tons. The ingots are delivered to the 
rolling-mill on an electrical travelling-bridge. The mill, which 
consists of three trains of rolls, cun turn out 1000 tons of finished 
rails and sections per shift. 

American Steelworks- —The new steelworks cf the Youngstown 
Sheet und Tube Company, Youngstown, Ohio, are described ami 
illustrated.* From the blast-furnaces hot metal is carried in 40-ton 
ladle cars direct to hot-metal mixers, of which there are two with a 
capacity of 300 tons each. The hot metal is transferred from the 
ladles to the mixers by two 80-ton electric travelling-cranes, which 
have a 25-ton auxiliary hoist for pouring. The track from the mixer 
house to the Bessemer converter is laid parallel to the cupolas, the 
direct and remelted metal being handled by thu same equipment. The 
hot metal is transferred from ladles to the pig machine by the mixer 
cranes, which place the ladles in a cradle while pouring. The pig 
machines discharge the metal into standard-gauge cars on the yard 
level. The Bessemer converting department is served by five cupolas, 
10 feet 6| inches diameter by 22 feet high, with a total daily capacity 
of 1500 tons. The soaking-pit equipment for the blooming-mill now 
consists of five 4-liole pit-furnaces, with a total capacity of 80 ingots. 

Blowing-Engines. —A description is given* of a turbo-blower 
installed at the plant of the Metallurgical Company of Sombre and 
Moselle, at Montignies-sur-Sambre, France, to supply the blast for 
four 15-ton Bessemer converters. The blower is able to compress 
from 5300 to 28,250 cubic feet per minute to pressures from .V6 lbs. to 
35'5 lbs. per square inch, and is driven by a turbine of 3750 horse¬ 
power, at a maximum speed of 2000 revolutions per minute. 

Phosphates in Basic Slag. —E. Steinweg 1 has studied the con¬ 
stitution of the tetrabasic phosphate of lime and its reducibility by 
means of iron containing carbon und pure iron. The results of his 
experiments show that silica reduces the tetrabasic phosphate in 
basic slog to a less basic phosphate, which is reducible by carbon. If 
the reaction tukes place in the presence of iron, phosphorus is taken 
up by the iron. Alumina has also the effect of splitting up the totra- 
Itasie phosphates of slags into less basic phosphates. It was endea¬ 
voured to determine the melting point of pure 4CuO,P 3 O s , which 

1 Complex Kendux de la Sacidti de tUduitrie Min/rale, 1011. pp. 608-fill, 

* Inn Age. vol. Ixxxviti. pp. CL'15 CM. 

> Genie Civil, vol. lx. pp. 204-296. • Metallmrfie. vol. tx. pp. 28-40. 
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hod been synthetically produced, hut no crucible could he found of n 
material sufficiently refractory to withstand the temperature required ; 
fluorspar was added for the purpose of lowering the temperature of 
fusion, but this only resulted in the attack of the crucible material, 
causing the loss of the melt. In the presence of ferric oxide the 
tetrabasic phosphate is split up into less lassie phosphates, ferrite 
forming at the same time. Out of contact with silica, alumina, and 
ferric oxide, the tetrahasic phosphates in slag aro not reducible by 
means of iron containing carbon. 


HL — ELECTRIC PROCESSES. 

Electric Furnace Construction. -In view of the many difficul¬ 
ties that have been presented in obtaining a suitable lining material 
for electric induction furnaces, a series of experiments * Lave l>eoii 
made, at the plant of the Poldihiitte Tiogelgnssstahlfabrik with 
various linings in a pure induction furnace of the Kjellin type. 
In January 1908 this company put into operation a Kjellin furnace 
having a capacity of over 4 tons. High-class steel was produced bv the 
Uisic process and the lining first used was known ns “ Veit” magne¬ 
site. The furnace was not erected on a solid foundation, hut was set 
on a carnage with provision for rotating the body of the furnace in 
either direction about a vertical axis. The rotation of the furnace 
necessarily generated considerable vibration, which resulted in the 
production of cracks in the lining to such on extent that it was found 
impossible to obtain more than 49 charges without renewing the 
ining. Various combination, were tried from time to time, and the 
Me of the linings was gradually increased, until in 1909 the average 
was 200 charges per lining. Further improvements were made, until 
it was possible to obtain over 490 charges on one lining 

C. Bering* continues to discuss the thermal insulation of electric 
furnace walls, and summarise* the data he has given in previous 
paper* on the subject. 1 

Consumption of Electric Energy in Electric Steel Furnaces. 

C. Hering calculate* the electric energy necessary to maintain the 
temperature of molten steel constant. For a 1-ton furnace, 2rt kilo¬ 
watts per ton of steel are required; for a 10-ton furmice, 9 o kilo- 
watts ; for a baton furnace, 5-5 kilowatts per ton of steeL 

Electric Production of Steel -In dealing with the electric fur¬ 
nace process as applied to the metallurgy „f steel. H. G. A. Stedrna" 
refer* to the technical and commercial success of the electric pr“n 

• Inm Trade Revine, wol. xfix. pp 10I.V101B. 
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the production of steel castings. Not only can clean sharp castings 
be produced of any sire and composition, but their behaviour under 
mechanical test is altogether in favour of the process. The author con 
ciders thut. based upon the most recent figures, it should be possible in 
the ladle to produce metal for steel castings of the finest quality, with 
sulphur and phosphorus reduced to traces, at approximately £6 per 
ton if scrap is used, or £5 per ton when finishing molten metal from 
converters. It would appear that shipyard machine-shops and 
engineering works generally promise a wide sphere of usefulness for 
the small electric furnace of 1 ton and upwards, producing castings 
from waste material available such as scrap, trimmings, turnings, 
and borings. High-grade steel can be produced in the electric furnace 
in all respects equal to that produced by the crucible method, with the 
added advantage that it can be made very much cheaper, in any 
desired quantity, and without the use of expensive ami comparatively 
scarce raw materials. 

At the works of Le Gallons, Metz it Co., Dommeldingen, 1 where 
steel is manufactured by the electric process, it has been found 
feasible to reduce the sulphur content to as low as 0 005 per cent. 
The equipment of these works consists of three single-phase alter¬ 
nating furnaces and one three-phase furnace. The single-phase 
furnaces each have a capacity of 3| tons. The metal is first partially 
refined in a basic open-hearth furnace of 20 tons capacity. The 
charge consists of molten pig iron, the approximate composition being 
as follows : Carbon, 3'5 per cent.; manganese, 1*5 per cent.; silicon, 
0-6 per cent.; phosphorus, 182 per cent.; and sulphur, 007 per 
cent. The finished product of the open-hearth furnace is a mild steel 
containing carbon, 0 - l. r > per cent.; manganese, 0'25 per cent; phos¬ 
phorus, 0-045 per cent.; sulphur, 0 04 per cent.; und truces of 
silicon. The refining operation in the electric furnace proceeds until 
samples indicate the elimination of phosphorus, which usually takes 
about one hour. The composition of the metal is then as follows: 
Carbon, 0*08 per cent. ; manganese, 0*10 per cent.; sulphur, 004 per 
cent.; and traces of silicon. The slag is then tapped and carbon is 
added. An amount of ferro-mnuganese corresponding to the desired 
manganese content is added at the same time, and immediately after¬ 
wards the desulphurising slag is added. As soon os the latter has 
melted, the bath and slag are deoxidised. The slag becomes perfect! v 
white, and acquires the property of absorbing the sulphur liberated 
by the increased temperature. The particles of slag, gases, and 
sulphides separate out of the metal, and are taken up by the white 
slag, a small portion being volatilised. In other respects the com¬ 
position of the metal remains unchanged. In making alloy steels 
the alloying metals are not added until after the deoxidation period, 
which lasts about one hour, in order to prevent lews in the slag. 

W. llodenhauser 5 discusses the production of electric steel, the 
effect of the price of current, the relative advantages of arc furnaces 

1 Iran Trait Krvirm. voL xtix. pp. 1017-1018. 
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and induction furnaces, the useful applications of the electric fnmace, 
nnd the electro-metallurgical process for the refining of steel. 

F. C. Perkins * describes the refining of steel from Bessemer con¬ 
verters by a composite-electrode arc process. The main feature of 
this process is the use of a new composite electrode, one tvpo of which 
consist* of a carbon tube with iron core and a mixture of slag-produc¬ 
ing materials surrounding the same. Other types have the slag 
material packed in on iron or steel tube or surrounding a carbon or 
iron rod, with or without projections for supporting the slag materials, 
using the usual binder employed in carbon electrodes. By the use of 
composite electrodes a large part of the slag material is introduced in 
a highly fluid state at the hottest points of the furnace, the rest of it 
being added in the usual manner. The molten metal continually 
circulates; nil parts of the bath come in contact with the refining slag 
at the arcs and are rapidly refined. 


The Melting of Ferro-Manganese in the Electric Furnace — 

F. Schroedter* draws attention to the loss entailed by the addition 
of solid ferro-manganese to the converter in ordinary steelworks 
practice, in consequence of small portions of the ferro-mangnnese 
becoming isolated in their passage through the slug and thus failing 
to sink completely through to the metal. Furthermore, the addition 
of the solid reduces the temperature of the liquid metal, and complete 
mixing of the two is rendered uncertain. For these reasous it is pre¬ 
ferable to add molten ferro-mnnganese to the charge. Usually thiB is 
done by first melting the spiegel in a crucible in a solid or gaseous 
fuel furnace nn , d thcn ,P°" ri "g liquid contents into the converter. 
Whilst this reduces the loss referred to above, the advantages of this 
procedure are almost neutralised by the loss consequent uiwn the 
vaporisation of manganese from the crucible during melting The 
author strongly recommends the electric furnace for melting the 
ferro-manganese, since its neutral or even reducing atmosphere pre- 
vet,U any appreciable loss of manganese, and the method thus 
possesses all the advantages of the previous one without its dis¬ 
advantages. In addition to this, the actual cost of heating is con- 
sid. rably less than with an ordinary fuel fumnee 

The electric furnace consists essentially of a crucible lined with 
dolomite or magnesite. In practice the lining is found to last for at 
least three months without renewal. The bottom of the crucible 
constitute, one electrode,, the other being lowered through the roof. 
The best results are obtained by keening the furnace always at work. 
The charge of ferro-manganese added solid, and the movable elec¬ 
trode is lowered on to it The charge when molten is tipped a* 

r"Vr d ^ 1U , the ,,8 ' ml n >“ nn «r to the steel 

in the convertor The tilting of the electric furnace is most advan¬ 
tageously worked with hydraulic pressure. 


> Cktmu.il Cngimtrr. *ol. *f ¥ . p, 40,; 
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U Kortun 1 contributes an important paper on the melting of ferro¬ 
manganese in the electric furnace, lie mentions that au electric 
furnace had been in operation under his observation since August 2, 
1911, up to the time of writing (December 9), and although nearly 
2000 tons of ferro-manganese had been treated, the lining of magne¬ 
site was still good, and likely to last another three or four months, 
lu order to reduce the vaporisation of the spicgel the furnace is 
worked with a low voltage, and a uniform heating of a large area is 
aimed at rather than intense localisation of the heat. In order to 
reduce the cost, the bulk of molten Spiegel should not be greatly in 
excess of the twenty-four hours’ demand in the works, otherwise the 
cost of keeping the metal molten soon mounts up. Also a small amount 
of silicon is used in place of ferro-mnnganese, an alloy containing 
76 per cent, of manganese and 4 per cent, of silicon being found 
advantageous. 

Electric Furnaces of Special Types —Particulars ore given * 

of tho Hiroult electric furnace now in operation at the works of 
Lake & KUiot at Braintree. This furnace, which is of 2 tons 
capacity, is employed for tho production of steel castings for auto¬ 
mobile parts. The plant is nt present the only works in England 
where an electric furnace is employed solely for foundry work. The 
generating plant consists of a gas-producer and a Westinghouse gas- 
engine, to which a single-phase alternator is directly coupled. The 
furnace is of tho single-phase type, using two round electrodes 14 
inches in diameter. The furnace U lined with magnesite brick and 
crushed dolomite, while the roof, which is removable, is lined with 
silica brick The arc between tin* electrodes and the bath can be 
regulated either by hand or by Thury automatic regulators. The 
method of working tho furnace is that regularly employed when melt¬ 
ing and refining scrap in a Hiroult furnace. When a sufficiently 
high temperature lias been obtained the furnace is tilted electrically, 
a motor of 5 horse power being employed. Steel from the furnace is 
received in a 2-ton bottom-teeming ladle, the actual casting being 
performed through the intermediate use of hund-shanks, and in tho 
case of larger castings by direct casting from the ladle. Tho steel 
made Is exclusively dead soft, between 0*1 and 0*15 per cent of 
carbon, with manganese and silicon varying slightly according to the 
special mechanical properties required. Owing to the refining powers 
of tho electric furnace the sulphur and phosphorus are extremely low, 
being together less than Q"03 per cent. As a result of the absence of 
sulphur the proportion of cracked or torn castings is reduced to a 
minimum. 

T. I). Robertson * discusses the advantages of tho Grdnwoll steel¬ 
refining furnaces. The utilisation of two-phase current from a three- 
phase supply eliminates rotary transformers; an even distribution 

* Stahl and Eittn, vot. xxxii. |ip. -VJS— 132 . 

- Iran anJ Cml Tradtt Rr. itv), voL Ixxxiv. p. 3CS7. 

3 SUiallnrgUal and Chtmual Em/inuring. »ol. ix. pp. 573-. r >7Ii 
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of heat is obtained throughout the charge, and at the same time n 
circulation of the molten metal is set up, resulting in improved 
refining conditions. 

A. Hiorth' and F. A. Fitzgerald discuss the relative advantages 
of the Rbchling-Rodenhauser and Hiorth furnaces. 

J. Harden 3 describes recent developments in metallurgy, with 
special reference to the Paragon electric furnace, illustrations of 
which are given. 

W. Lipin 3 describes the Natbusius electric steel furnace, which he 
claims to be most suitable for the simultaneous heating of the slag, 
the bath, and the bottom, owing to the possibility of regulating the 
heating through the bottom electrodes. 

An illustrated description is given 3 of the Helberger electric trans¬ 
former crucible furnace. The furnaco consists of (1) a transformer, 
wound for any suitable voltage of supply; and (2) a water-cooled 
holding mechanism for the crucible, directly connected to the trans¬ 
former and provided with carbon contacts.’ Melting takes place in 
ordinary graphite or charcoal crucible*, which are prepared by a 
special process. An ampere meter and a regulating switch complete 
the equipment, the whole being self-contained and ready for connec¬ 
tion with an alternatiug-current supply system. An advantage 
claimed for the furnace is that by means of current regulation a wide 
range of heat is obtainable, which renders the furnace adaptable 
either for dealing with metals such as lead, brass, or platinum, or 
material inch as quartz mud. 

C. Myers ‘li^ctuwei the principles of the electric furnace, and gites 
a brief description of the construction of the different types of fur- 
naces now in operation, including the Heroult, Stassano, Oirod, 
Kjelhn, Kochling-Kodenhauser, Frick, and others. The author also 
gives data with reference to charges, additions, and power used on 
•even consecutive charge* from au 8-ton Rbchling-Rodenhauser fur¬ 
nace ; also analyses of steel and slag taken at different periods of heat 
from a II> roult furnace. 


Statistics of Electric Furnaces. -It is stated* that the total 
number of electric furnaces in existence or in course of construction 
in the world for treating iron and steel is 120. Divided into the 
classes of arc furnace*, induction furnaces, and combination arc-resist¬ 
ance furnaces, these are as follows t_ 


« MrtaUnrgicalaad Chtmual Enpnttrinr, ve! pp yj.p, 

• Paper foul before the Faraday Society. October *» l'jl I - t, 

Kugintrrinj. voL In. pp. 695-59T.. 15,11 * "»*»/and Chtmual 

» ttid., vol t pp. iar sss 

4 Foundry Tradt Journal, w>L nr. pp, 21-25 
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Attire. 

Idle. 

Budding. 

Touts. 

Arc furnaces .... 

61 

7 

25 

83 

Induction furnaces .... 

26 

1 

8 

35 

Combination arc-resistance . 

3 

— 

... 

3 

Totals. 

79 

8 

33 

ISO 


Classified according to system these furnaces are as follows :_ 



Attire. 

19 

U 

6 

4 

4 

2 

1 

1 

1 

10 

10 

s 

l 

l 

i 

l 

3 

Idle. 

Building. 

Totals. 

Art Furnaces — 

Httonlt ...... 

Ohrod . 

Stassano . 

Keller . 

Chaplet. 

Aktfcbolagrt EleklrnmrUII ! ‘ 

Hickman town system) . 

Scott-Anderscn (own system) . 
Firminv 

Inductive Furnaces— 

/ Kjdlin .... 

( R och ling-Roden ha tuer 

l Kjellm-t'olby . 

Fri** . 

Hiorth .... 
ChatUlon-Commentrr 

Schneider. 

Citmhmtd .4 rr and Rtiisfance Furnace *— 
Nnthusiui .... 

7 

1 

• x 

15 

4 

1 

2 

1 

2 

1 ) 

34 

18 

13 

6 

6 

4 

1 

1 

1 

31 

1 

1 

1 

1 

2 

Totals ..... 

79 

8 

S3 

130 
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FURTHER TREATMENT OF IRON 
AND STEEL. 


Case Hardening. —O. Charpy 1 and S. Bonnerot have made a 
further series of investigations on the cementation of iron by solid 
carbon. Their earlier experiments showed that solid carbon does not 
cement iron w vacuo, bat since VVeyl’s subsequent observations led to 
different conclusions it was determined to undertake new experi¬ 
ments. Graphite which had previously been carefully purifies I was 
placed between plates of extra mild open-hearth steel, which were 
pressed together at a pressure of 3000 atmospheres so as to ensure 
the closest possible contact. The plate* were then heated under 
reduced pressure, and the gases were drawn off by a vacuum pump. 
It was found impossible to remove the gaom entirely, but by careful 
working of the pump the pressure could be maintained for u long 
period between the desired limits. Six specimens were heated at 
850° C. for periods varying from 10 to 38 hours, and the results 
showed that cementation did not take place if the pressure was kept 
at 0 1 to 0 3 millimetre, but if it rose almve 0 5 millimetre, distinct 
carburisation occurred. The authors consider that their former results 
aro thus confirmed, and that curhon will not cement iron at tempera 
tures about 950° if care is taken to remove all gum capable of acting 
on the iron. 

L. Guillet* discusses in detail the theory and practice of case- 
hardening. During the process it is the outer layers of the metal 
which become most highly carburised, the percentage of carbon falling 
as the distance from the surface increases. This is easily shown, both 
chemically and microscopically. For carburisation to tike place the 
iron must be completely converted into the y variety, in which variety 
alone carbon is soluble to any extent. Tl.e metal must therefore fc- 

w P° mt » *" P r '«tice the lowest temperature 

being 850 0. The substances producing carburisation must be such 
M readily part with carbon, and can he divide,! into three groups, 
namely (I) gas«,us losbea. such as hydrocarlmns, carl-on monoxide^ 
and cyanogen ; (2) liquids sod. a* molten cyanides; and (3) solids, 
like fr«e carbon* eyain>gen derivative*, 

In successful practice both the temperature and the time of 

1 CemfUi ftendmj. rol cliii pp. (771 67X. 

CM. *°t I*. Ptv fiu63, 183-187. **-9*. m j2*. 241 . 247 . aW-Me. 
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exposure should be accurately known—two highly important factors, 
which, however, are difficult to determine in large furnaces. The 
composition of the metul lias likewise an important influence on the 
rate of carburisation of the metaL Thus, those elements which them¬ 
selves readily yield double carbides accelerate the absorption of carbon : 
such are chromium, tuDgsten, molybdenum, and, in certain definite 
amounts, vanadium. Other alloying elements, such as nickel, silicon, 
and aluminium, retard carburisation to a marked extent. The micro¬ 
scopic structure of the steel is correspondingly affected. The resulting 
metal requires careful tempering, rules for which are given. 

If a superficially hard metal is required, it is usual in practice to 
choose a soft metal of the following composition : 

Per Cent. 

Csxboo.• <0'I0 

M a n g anese .<0-40 

Sulphur. -OiH 

Phosphorus.<0-05 

if still greater hardness is required, a low carbon chromium steel 
may be employed, containing 0 75 to 1*0 per cent, of chromium. This 
yields a very liard and also a tough metaL If exceptional toughness 
is required a nickel steel is chosen, but the hardness is reduced. 
The carhonnceous powder employed may be made according to uuinv 
recipes. A mixture of 60 parts of wood charcoal and 40 parts of 
barium carbonate gives good results, and has the double advantage of 
being easily prepared and having a low cost. It can also be used over 
again an indefinite number of times, provided its composition is regu¬ 
lated as occasion demands. 

Steel containing vessels are largely used, but are attacked in the 
furnace, Listing only about 110 to 130 hours at 1000° C., or about 
200 hours at 850" C. Hence their cost is nn important item. 

The finished metal is liable to many imperfections. Sometimes 
patches of uucarburi-ed uietul appear. This is often duo to irregular 
laying of the carburising powder. The worst cases are those in which 
the metal becomes too highly carburised, consequent upon too high a 
temperature or too prolonged an exposure. Irregular carburisation is 
a further difficulty. 

H. do Nolly 1 and L. Veyret have made experiments to ascertain 
the nature of the inflammable gases which are evolved during cuse- 
luirdemng. These gaseous evolutions are sometimes sufficiently ener¬ 
getic to cause explosions. The experiments consisted of analysis of 
the chnreoal dusts and other cementing materials, determinations of 
the volume* of gases disengaged on the heating of such cements to a 
temperature of about 1100°, analysis of the gases produced at various 
stages, and experiments carried out at temperatures of 850° and at 
1050° with the object of ascertaining the influence of the composition 
of the gases on the depth of the ease-hardening. 

In order to diminish the effect of the explosions the following 

« Art ur dr UiuUmrfit. Mimunrti, \rol. u. pp. 5.1-011. 
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precautions should be taken: (1) The avoidance, os for os possible, of 
cements containing animal or vegetable matter, which give on abun¬ 
dant (low of gas at low temperatures. (2) The employment, by 
preference, of wood charcoal carbonised at a fairly high temperature 
and mixed with 30 to 50 per cent, of barium carlsmate. The evolu¬ 
tion of gas is much less voluminous and the proportion of hydrogen 
lower. The activity of the case-hardening material appears to be a 
little lower at low temperatures, but at 1000° to 1100° the difference 
is negligible. A mixture of ordinary wood charcoal and coke, or of 
used cementing material mixed with Urium carbonate, may be em¬ 
ployed. (3) It is necessary to heat up slowly to 700°. By this 
means the air contained in the cement escapes, and the sudden evolu¬ 
tion which occurs at about 700° is diminished. 

The case-hardening experiments brought out the influence of hydro¬ 
gen. As regards depth of penetration of case-hardening, this gas 
appears leas injurious than might have been believed. Nearly all 
the cementing materials gave practically the same depth of carburised 
case, no matter what proportion of hydrogen was present The least 
active cementing materials are; (1) pure wood charcoal for case- 
hardening earned out at 1050°. (2) Mixtures of Urium carbonate 
and coke for case-hardening at 850° The large amount of hydrogen 
which was found in the gases disengaged by most of the cementing 
matennls doubtless serves to explain a fact observed by many experi¬ 
menters, namely, that the core of the case-hardened pieces often shows 
before annealing or quenching a coarser grain and greater brittleness 
titan other pieces of the same chemical composition, which have Wen 
heated for the same period of time to the same temperature, but not 
case-hardened, and it is probable that when this injurious influence is 
not observed, cementing materials have been employed which either 
disengage no hydrogen or very little only. The experiments also 
showcx! that hydrogen is much more .laugemua than nitrogen, and 
that to ,U presence might be attributed numerous defects inthe steel 
which hitherto had been regarded «. of obscure origin, such us ext,-erne 
brittleness and bard particles found in place*, which microscopic 
examination proves to U composed of almost pure ferrite, aLl 
are really the junctions of welding of former blowholes filled with 
hydrogen which has carburised the metal at the high temperature of 
forging. It was experimentally moved that hvdrog.n .trongly 
decarbunses steel at a temperature of 800° to 900“ knd render. it Z 
brittle as glass. * 1 

A method of case-hardening where certain parts of the work 
require to be glu-.-hard while it would be of great advantage to 
n>U»n o her partssuft, u described » with referEJ to the of 
the mandrels of certain lathes that were dealt with in this muuTr. 

Case-hardening Fnrnaces -A description is the neir 

case-hardening furnaces at the pUnt of the Warner Manufacturing 

i ro >- *>»■ ix* 109 
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Company, Toledo, Ohio. The equipment consist* of a buttery of five 
cast-hardening furnaces with heating chambers, 34 x ■ 2 inches, and 
two heat-treating furnaces with heating chambers, 32 x 48 inches. 
The blast is furnished by a direct motor-driven steel fan pressure 
blower, and a rotary oil-pump is geared to the blower shaft. One 
oil-burner is required for each furnace. Th.-so burners are placed in 
front of the furnaces, parallel with the combustion chambers, and an 
auxiliary air-blast enters the opposite end of each furnace, which is 
intended to take the place of a battle. 

Hardening Furnaces.—s. N. llrayshaw 1 compares the relative 
advantages of gas-fired furnaces for heating steel objects in contact with 
air, and furnaces containing a bath of liquid. A mixture of fused salts 
is a more suitable heating liquid than molten lead, because the salts, 
owing to their comparative lightness, circulate freely, and, measured 
by bulk, they are much cheaper than lend. Suitable mixtures may be 
made which have about the same specific gravity as an ordinary fire¬ 
brick, in which the steel articles will sink. A well-proportioned mixture 
is non-poisonous, and has no injurious action on the steel. I he waste 
by volatilisation is so slight as to l*e negligible, and there is no loss 
due to oxidation. The salts are less severe in their action than lead, 
and cannot possibly adhere so as to be difficult of removal, as often 
happons with lead. Pyrometers, which in atmosphei ic furnaces do not 
necessarily show the temperature of the work, will indicate it with 
precision In a bath furnace, as the temperature of the article in the 
bath is the same as that of the liquid if sufficient time is allowed. 

A lead and salt bath furnace* for hardening or melting uietal, 
designed by Fletcher, Hassell <fc Co., Limited, is so arranged tluit a 
regular temperature is obtained, and the burning or overheating 
of the contents of the crucible is prevented. A fireclay jacket is 
placed between the crucible ami the interior of the fireclay casing of 
the furnace, with a space between the rasing and the jacket and a 
space between the jacket and the crucible ; burners being so arranged 
that they will pass up the space between the casing and the jacket 
over the top of the latter and descend into the space between the 
jacket and the crucible, thereby circulating round the crucible which 
rests on a support, and passing finally to the flue at the bottom of the 
furnace. 

E. A. Dixie* gives an illustrated description of the haidenmg room 
equipment of the Water bury Fanel Foundry Company, ^atorbury, 
Connecticut. 

Ann e aling Furnaces. -A description is given 4 of an oil-bui n- 
ing annealing furnace erected at the works of the American Steel 
Foundries, Indiana Harbour, Indiana. The fumnee is used for anneal- 

* £^fiiwirny voL xiii. pp. 2X3 "i37# 

« Ut*-ManualEngineer, raL uix. p. 367. 

* A meric** Jfackimitt. vol ixir. pp. 732-733. 

4 Ire* Trade Reiteie. vol. L pp. 342- 313. 
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mg manganese steel coatings. The furnace in charged with about 
6 tons of castings, which are raised to a temperature of 18*25° F., 
soaked for two hours,and then quenched in water . In operation there 
is no flame in the furnace chamber to strike the castings, the flame 
being diverted by wedge-shaped blocks placed directly in front of the 
burners. The oil is delivered to the burners at a pressure of 15 lbs. 
per squar e inch, and at a temperature of 100° F. The air is deliver ed 
at a pressure of 20 os. and at a temperature of 400°. 

A description is given 1 of an internally-fired rotary furnace, using 
oil fuel, for annealing and hardening steel. The furnace has a smooth 
internal surface and is mounted in such a manner that its longitudinal 
axis can be varied in inclination to the horizontal, this inclination allow¬ 
ing the material to move forward tinder gravity front the upper or feed¬ 
ing end of the furnace to the lower or discharge end. By varying 
the angle of inclination, the rate of feed can be changed and hence 
the time during which the metal is heated. The pieces are fed con¬ 
tinuously into the upper end of the cylinder, if necessary, by the use 
of a carrying or buffer storage hopper, and come into contact with the 
revolving heating surface, thus absorbing heat from the refractory 
brick lining as well as from the heated gases. 

L. KenUiowski" discusses the heating of furnaces on the regenera¬ 
tive principle, and describes the Herroausen system of regenerative 
heating suitable for annealing furnaces. 

G. K. Hooper* discusses the various mechanical handling devices 
and the general lay-out of annealing shops in mulleable-iron foundries. 


Reheating Furnaces. -A description is given 4 of the Krocll reheat¬ 
ing furnace. This consists of a sloping skid hearth, a welding hearth, 
and a grate situated in front of the latter. The gas generated on the 
grate undergoes complete combustion in consequence of the admission 
of a secondary supply of air which enters below the main vault of the 
furnace. 1 his secondary air is heated in cast-iron boxes arranged in 
brickwork surrounding the grate, and divided into different compart¬ 
ments to compel the air to traverse a long course and remain in 
contact with the hot portion* of the grate for some considerable time. 
Particulars uf u *ts with tin* furnace are hIm> giv^n 

M. Philips* discusses the combustion taking place during the 
working of a reheating furnace. e 

The Gordon-Prall continuous-heating furnace which utilises oil or 
gas for fuel is described an. illustrated. The burners of this furnace 
are distributed along the roof and the gases impinge upon the sloping 
portions of the roof, thereby be,ug deflected longitudinally alungthe 
furnace instead of aero*, lU wrdth, as is generally the custom. Three 
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of these furnaces Irnve been installed at the plant of the Republic 
Iron ninl Steel Company for heating rods. 

Heat Treatment of SteeL — K. Friedrich * discusses the value of 
thermal analysis in commercial smelting operations, and in other 
processes involving high temperatures —the arrests observed in the 
heating or coaling curves affording valuable information its to the 
temperatures at which physical or chemical changes U-gin in the sub¬ 
stances studied. When, for example, iron oxide and carbon are heated 
together in an atmosphere of nitrogen, a break in the continuity of 
the curve is observed at about 900° C„ indicating heat evolution con¬ 
sequent upon the reduction of the oxide. 

In a lecture on tool steels delivered before the Coventry Engineer¬ 
ing Society, H. Brearlev* described the changes which take place 
during the heating and cooling of steels, and drew special attention 
to the numerous ways in both these operations by which tools become 
defective. He also dealt with the various conditions which favoured 
the formation of cracks in tools, more particularly during the harden¬ 
ing opeiation, and stiongly advocated research into their origin. 

J. V. Emuious, 0 in dealing with the stmeture and heal treatment 
of tool steel, discusses the microscopic constituents and the effect 
of annealing and quenching. 

J. It. Ilerron i * * 4 5 descrilies the equipment of a plant and the methods 
employed for the heat treatment of steel, with special reference to the 
treatment of low carbon steels. 

Particulars are given * of a method of hardening steel by infusion. 

U. Bdrnecke 4 describes an electrical arrangement fur heating metal 
tires uniformly for the purpose of expanding them previous to fixing 
them on wheels. 

Hardening Temperatures of Tool Steel.— W. S. Sullivan • gives 
a classification of tool steels according to grade, carbon content, and 
the purpose for which they are required. He recognises five classes 
of steel which he denotes by five temper numbers which should con¬ 
tain carbon in the following percentages; 

Carbon per Cart. 

* . 0-7 to <>-8 

S. 0-8 to 0-9 

3 . . .. „ . . . . Oil lull) 

* .. 190 to 1-19 

B . I-16 to I -31 


i Stahl und Eittn, vol nxi. pp. 1000-1917. 2040-2048. 

* Mechanical Eng inter, voL uvui. p. 778. 

> Paper read before the Metal Trades Superintendents and Korenieo s Club ol Cleve¬ 
land. C.S.A-. February 17. 1912; Inn Trade Etvinu, vol. L pp. 490-462 

• Paper read before the Metal Trades Superintendent' and Foremen s Club of Cleve¬ 
land. U.S.A.. Novemlier 18.1911; Inn Age, voL Lusviu. pp. 1149-1144. 

* Iron Trade Emm, voL L p. 436. 

• Stahl nnd Him, rob *x«t. pp. 436 4118. 

5 Paper read before the New York Railway Club, November 17. 1911 . Engineering 
and Mining Journal, vol. icti. pp. 1216 1217 ; Inn and Coal Erodes Emm. vol. lutxif 
p. 12. 
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No. 1 is suitable for crow-bars, pi neb bars, pick-points and wrenches, 
sledges, hammers, and rivet seta. The steel should not be heated 
above 1800° F. for forging. It should burden at 1485°, and should 
be capable of living annealed at 1300° to 1350°. No. 2 is suitable 
for track and boiler-makers' tools. It should not be heated above 
1800" F.; can be hardened at 1480° and annealed at 1300° to 1350°. 
No. 3 is suitable for cold and hot chisels and rock-drills, shear blades, 
and punching tools. It should not be heated above 1750 = F.; can bo 
hardened at 14155° and annealed at 1300° to 1350°. No. 4 is suitable 
for machine drills and general machine-shop drills, lathe tools, tups, 
dies, and reamers. It should not bo heated above 1700° F. for forging ; 
can be hardened at 1460° and annealed at 1300° to 1350°. No. 5 is 
useful for brass-cutting tools and general small machine-shop tools, and 
should not be heated above 1700° for forging. It cun be hardened at 
1455° and annealed at 1300° to 1350°. 

8. N. Brayshaw 1 discusses the best method of quenching carbon 
steel after correct heating for hardening. Experiments were made 
showing the effect of changes of temperature in the quenching bath ; 
and the author also considers the boiling-point of water in relation to 
its quenching capacity, the effect of stirring during quenching, the 
effect of adding acid or salt to the quenching bath, the results of very 
quick quenching, of quenching in oil and in mercury. Mercury is 
greatly inferior to water as a quenching medium, chiefly on account 
of its very low specific heat and its greater density, which makes it less 
easy to agitate the object to be hardened. 

If. \\ alker 1 deals with the hardening and tempering of carbon 
steel tools. 


Bolling Iron and steel - F. Hunker 3 discusses the rolling of 
thin iron bars of various shapes—namely, circular, square, T-form, 
and numerous other shapes for special purposes. The use of 3-high 
rolls and of pairs of 2-high rolls is advocated, and copious diagrams 
drawn to scale illustrate the most convenient arrangements for par¬ 
ticular purposes. For simple forms, such as round and square bars, 
3-high rolU are recommended, the middle roll remaining fixed. For 
T-shaped bars or angles a pair of 2-high rolls is required. 

fv. Neu * deals with some interesting phenomena observed during 
the rolling of steel in the rolling-mill. 

It. B. Woodworth 5 gives an historical account of the manufacture 
and design of iron and steel beams and girders. 


Manufacture of Tubing.- J. F. Springer* describe* a method of 
manufacturing tubing by a process of rolling sheet-metal and subse- 

1 Enfinttrinr Mafaxint, ml. xlli. pp. 3M3--309. 

» Canadian Xfaikintrr. mt »m. pp. 26-27. ki 
* Stahl and F.ittn, vcs. ml. pp. 1630-1624. 

« /#*/.. m>L suii. pp. avr-aw. __ 
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quently welding with oxygen and acetylene. The process is con¬ 
tinuous, and a special welding-machine is used. 

Forging. —The plant of the Canada Forge Company. Limited, 
Welland, Ontario, for the production of heavy forgings is described. 1 

If. Ostwald* discusses the question of the production of small 
articles such as spanners, &e., in large quantities by special rolls. 

Turning Steel Ingots to remove Surface Flaws. —C. Poipers* 

discusses the advantages of casting steel ingots in cylindrical form 
when they are destined to be used in the manufacture of numerous 
relatively small articles. Surface impurities can then be easily 
removed by turning the ingots before rolling. 

Electro-Magnets for Handling Material-— E. C. Ibbotson* 

states that the first horse-shoe type of electro-magnet is now' being 
superseded by the pot rnugnot, of which the Witton-Kramer is an 
example. The coil of this magnet is me chan i c al l y protected by a 
solid shell of special high permeability steel in which it is enclosed, 
and is weather proofed bv vacuum drying ami impregnating under 
pressure with hot bitumen. 

• 

Electric Welding. —A description of the K jell berg arc-welding 
process is published.' Instead of a carbon electrode Kjellberg usee 
an electrode consisting of a metal core encased in a material, the con¬ 
stituents of which are intended to prevent the inclusion of foreign 
matters in the weld. The electrode also contains a practically non- 
fusiblo substance which forms a reducing atmosphere round the arc 
and prevents oxidation of the weld. Continuous current is employed 
ut atsiut 100 volts, the arc taking about 120 amperes. Results show 
that specimens of rectangular section with nu area of about one-half 
square inch when welded had a yield point of ltt’71 to 17*28 tons per 
square inch, with a percentage elongation in 2 inches of 6'5 to 12*5. 
The material originally hod a yield point of 17'20 tons and elongation 
of 36'3 to 44'3 per cent, in 2 inches. 

The arc-welduig plant of the Pittsburg Railway Company is de¬ 
scribed. 11 The apparatus is used for repairing all kinds uf construc¬ 
tional work except parts consisting of cast iron. The electrodes ore 
generally of carbon, but for light work, such as welding sheet-steel, 
an electrode of cold-rolled steel is used, the melting of which provides 
the additional metal required. In welding a flux is used, the follow¬ 
ing mixture having been found to give satisfactory results: Rurax, 
17 parts; brown oxide of iron, 1} parts; red oxido of iron, 1} porta 

> Canadian Machinery, vot via. pp. HO. 

* Stahl nnd /-item, vol. ixtii. pp. 104-106. • /fid., vol. nxi. pp. 1927-1028. 

* Lecture helotc the Sheffield Society of Engineers and Metallurgists; i onndry Trodt 
Journal. voL xiv. p. 2ft. 

* Engineering, sol. acii. p. 712. 

* Electric Kaihcaj Journal, vol. mviii. p. 10o9. 
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•Statements are given showing the economies which have been effected 
by the adoption of this method of executing repairs. 

The Thomson electric welder, designed for the butt-welding of all 
classes of mutcri&l, is described and illustrated. 1 


Autogenous Welding—J. F. Springer- describes an acetylene 
blowpipe for cutting unu welding iron and steel. On the machine 
three jets arc arranged in a rigidly vertical position, the gases being 
driven directly downward. In front is a heating-jet of oxvgcn and 
acetylene; at the rear is another but smaller heating-jet. Between 
the two the cutting-jet of oxygen is arranged. An oxvgen and an 
acetylene tube together supply the gases for the two "heating-jets, 
ihus these jets are both supplied from the sauic sources. A n inde¬ 
pendent oxygen supply is provided for the cutting-jet, for the rtuuion 
that ordinarily the back pressure of this jet is higher—and -ome 
times much higher than is the case with the heating oxvgen. 
The forward jet provides licat for the metal, which is probably 
lost by the time the pure-oxygen jet comes into play. This jet 
may lie only _ inch behind. Still it would seem that conduction 
would cairy off a considerable amount of heat while the eutting- 
jet is getting to the spot, especially where the movement is a slow 
one, as with very thick steel. The rear jet provides additional heat 
and thus reduces dissipation by conduction. Its sphere of operation 
is m the region where much of the wasteful conduction would take 
place. In the case of thin plates the rear jet is scarcely necessary, 
and may be shut off. J 


E. H. White* deals with the considerations affecting the design 
ami choice uf suitable apparatus for oxy-acctvlene installation and 
gives the rules of the National Ihardof Fire Underwriters of Chicago 
covering such installations. 

H. Cave* deals with the oxy-acotylene process of welding and 
cutting, with special reference to the Duvis Boumouville equipment. 

. V- u «‘ n “ on ' describes some welding and cutting options 
earned out by means of the axy-ncetvleue blowpipe. 

A description 1ms appeared" of apparatus used in theCvclone oxy- 
acetylene weMinj* process. * * 

H W. Jacobs ' deals with the method or welding locomotive parts 
,n the shops of the Atchison, Topeka, and Santa F6 Uailwav. 

V- R ^ welding processes. Autogenous 

welding his become the accepted name for arc tUm, and sometimes 
thorm,t welding but, . nctly shaking, the tana means either self- 
welding, which u ridiculous, or welding with the same metal, whereas 
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two different metals are often united, sometimes even with a third 
metal. In the real sense of the word it is not welding, for there is 
no compression or hammering, exeept incidentally, in the belief tliat 
it improves the structure of the added metal. The simplest definition 
of autogenous welding is the uniting of metals by heat alone. Of 
the different lands of torch or blowpipe welding, the two of chief 
commercial importance nre the oxy-hydrogen and the oxy-acetylene 
systems. The oxy-hydrogen process is the older but has not been 
developed quite as rapidly, although for certain applications it has tlio 
advantage of its competitor. Whore the greater heat intensity of the 
oxy-acetylene torch is of no advantage, the oxy-hydrogen with a 
temperature of about 4000 f1 F. gives as good results, or even better. 
Another advantage is that it makes use of a by-product of the 
electrolytic decomposition of water, one of the l>est methods for pro¬ 
curing the purest oxygen, and a process that is becoming an important 
one commercially for making oxygen for the acetylene torch its well. 
Further, hydrogen can safely be compressed into tanks for supplying 
the portable outfits, whereas acetylene mnst be dissolved in acetone 
to be handled safely when compressed above two atmospheres. The 
ideal arrangement would seem to be the providing of nil three gases, 
oxygen, hydrogen and aeetylcue, employing apparatus for the electro¬ 
lytic production of the first two gases and an acetylene generator, and 
mung the oxy-hydrogen and oxy-acetylene torches on the work for 
which each is best adapted. The purer the oxygen the better, as 
even small percentages of impurities decrease the economy and 
weaken the welds. Oxygen produced by the electrolytic process is 
ill* pur cent, pure, the only impurity being a trace of hydrogen. 
The methods of generating the several gases and of regulating 
the pressure are described and various types of welding and cat- 
torches and of complete welding apparatus are also illustrated and 
described. 

E. W. Smith 1 deals with the use of high-pressure gas for melting 
metals. 

Thermit-Welding'. —G. K. Pellissier* describes the process of 
thermit-welding. The chief application of this process is in welding 
pijie line- for compressed air, high-pressure steam, and hydraulic 
pressure, where the operation has to be carried out in titu. As the 
outfit required for welding 4-inch pipes weighs less than 100 lbs. and 
can be manipulated in a small space, pipe-lines can lie welded which 
would otherwise have to be provided with mechanical joints. 

C. B. Auell * describes the Bcnnrdos, Slavianoff. and Zerener pro¬ 
cesses of arc-welding. Like oxy-acetylene and oxy-hydrogen weld¬ 
ing, all of these processes are classed as autogenous, since fusion is 
accomplished without pressure, simply by allowing the metals to mix 
and unite as they cool. 

1 Journal Got Lighting, vot. am. pp. 700 701. 

* Journal <*/ the American Svrirty «f Xfetkanual Enjpnttn, xol. xxxiv. pp. 3*MH. 
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Chains—W. Thele 1 draws attention to the great importance of 
using trustworthy chains for ships’ anchors. 

A review is given 1 of the development of the chain-making industry, 
together with descriptions of some of the important chain-making 
machines. 

Steel Belts for Power Transmission. — L. Silberherg * discusses 
the conditions required in the design and application of steel bands 
for the transmission of power. The material used is a carbon steel, 
rough-rolled while hot, and then cold-rolled to thicknesses varying 
from 0-2 to 0 9 millimetre and 12 to 200 millimetres in width. * Bv 
means of u hardening process the tensile strength of the finished 
hands is raised to 150 kilogrammes per square inch. The width of 
tho bunds for ordinary transmission purposes is 300 to 350 times the 
thickness, hut the higher the tensile stress in working, the lower is 
the permissible bending stress due to passing over the pulley, and 
therefore the thinner the bond which can he used on a given pullev 
diameter. 


Recovery of Tin from Tinplate Scrap. — A description lias ap¬ 
peared « of an electrolyt ic method for the recovery of tin from tin-sheet. 
The process ls carried on at several works in I taly, tho electrolyte being 
a sodium-hydroxide solution, the anodes being tin-sheet scrap and the 
cathodes being iron plates. The tin is dissolved in the form of sodium 
sUnnute and deposited at the cathode as rnetul. while the soda is 
regenerated. The most favourable concentration of the bath is from 
1° to 12 per cent, total alkalinity, the free alkali not exceeding 7 per 
cent The spongy tun is removed every twelve hours bv carefully lift¬ 
ing the cathode and dipping it in water. This precaution is necessary 
to prevent the oxi.lation of the tin by air. After the spongy material 
has been complete y freed from soda by careful washings it is com 
pressed in * small hydraulic press and afterwards melted in a furnace 
m sailed tubes The product, which contains about 50 
metallic tin and 50 per cent, oshe*, mixed with nowderet 
is reduced in a small open-hearth furnace. 


r tr cent, 
curtain, 
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Volume Changes in Oast Iron during Cooling.— T. Turner 1 
discusses the solidification of iron castings in the mould, lie 
points out that shrinkage varies according to the size of the mould 
and the shape of the casting, but is generally about 0*125 inch per foot 
with ordinary foundry mixtures. A white iron displays the greatest 
amount of shrinkage, while an open grade produces a casting more 
nearly the size of the mould. The author demies the terms shrinkage 
and solidification. Shrinkage is the difference between the size of 
the mould and tho casting when cold. He ignores the definition 
sometimes put forward associating shrinkage with the molten metal 
and contraction with the solid casting. As regards the term solidi¬ 
fication, this to the physical chemist implies that process whereby 
crystals give out their latent heat of fusion, but this distinction is 
not necessary for practical work ; solidification might he taken as that 
state in which the metal is cool enough to retain its form after 
removal from the mould. lie also describes his own and Wiist’s 
methods of measuring shrinkage. Dealing with the equilibrium 
diagram, the author briefly explains its application, and also describes 
how the dendritic structure of iron crystallisation is formed, enclosing 
areas of eutectic. 

A. Measerschmitt 3 contributes an important article, in which are 
discussed the various changes in volume experienced by molten cast 
iron as it cools. At first the molten casting decreases slightly in 
volume, but suffers a notahle increase as it solidifies, since the solid 
metal is less dense than the liquid at the same temperature. Shrink¬ 
ing now sets in, however, as the solid metal still further cools. Since 
the outside solidifies first, a pressure is soon set up between the 
solidifying and hence expanding interior and the now solid and 
relatively immovable exterior, with the result that in many cases 
tho inner portion yields a solid of even denser composition than the 
original liquid metal. Sometimes under the influence of this pressure 
the molten metal presses its way out through the [tores of the solid 
shell and the casting bleeds. As the outside shell still further 
cools and contracts, a new pressure is set up, but when the inner 
portions likewise cool and contract in their turn, cavities are produced 

1 Paper read before Uv Britiib Foundrymen's Association, December 8, 1911; Iron 
and Coal TraJts ft trim, roi. Irani i. p. 975. 

* Sufi and Eiitn. vol. xxxi. pp. 1579 1585. 
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in the metal. The author gives the results of allowing a block of cast 
iron, clamped at one end, to cool slowly, and shows that the higher 
the percentage of silicon, and therefore of graphite, the greater is the 
initial expansion during solidification from the molten condition, hut 
the less is the subsequent shrinkage. The temperature of casting hit. 
an important influence on the result. If the iron is relatively cool it 
quickly sets in the mould anil cavities are produced which weaken tho 
casting. A very hot casting, on the other hand, takes a longer time 
to cool, with the result that a greater separation of graphite takes 
place although no cavities are formod. If this graphite separation is 
excessive the casting is again weakened. The best results accrue 
by casting at temperatures between the two extremes. Thus the 
tensile strengths obtained for grey cast iron with 178 per cent, 
silicon cast at various temperatures were as follows : 


Casting Temperature, 
Degree* Centigrade. 
1400 
1350 
1245 


rrn.ito Strength in Kilogramme* 
per Square Millimetre. 

15 
22 

16 


Each metal has apparently an optimum casting temperature. 

Cavities in casting may be avoided by allowing a sufficiently high 
percentage of graphite to form. High sulphur and manganese assist 
cavity formation by increasing the percentage shrinkage of the metal 
after solidification. 


Volume Changes as an Indication of Strength of Cast Iron — 

If is well known that chemical analysis and the results of mechanical 
tests do not always indicate which material is the l**t for certain 
,«ses. A. Messerschnntt' describes a method of testing cast iron 
based upon his observations, previously published,* on the alterations 
u^olumo experienced by moftim cast iron as it cools down to below 
400 C. The suitability of the iron for *j>eci»l purposes is determined 
upon by studying the change* undergone during cooling under well- 
dehneil ronditions, and adopting those compositions and conditions 
which give the most suitable results for the purpose in hand. 

r^Trnlf 6 of Composition and Structure on Strength of 

Cast IrorL-J. J. Porter discusses the groat difference existing in 
the liehaviour of many brand, of pig iron, which cannot apparently 
be accounted for on the ba,„ of chemical composition as ordinarilV 
determined. Healing with the properties of coke and charcoal 
irons tho author states that the most noticeable difference is in 
tiio toughness or strength, winch in charcoal iron is much greater, 
the grams having a tenacity which causes the iron to tear rather 
than to break off short The difference is also noticed in tl.e pro 
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pertie* of shrinkage, tensile strength, and depth and diameter of 
chill. \\ ith such similarity in composition as is possessed bv the 
two materials, such differences in properties are very difficult of 
explanation. It is well known that charcoal iron is finer in grain 
than coke iron of similar composition, and that this closer grain is an 
almost invariable accompaniment of strong iron. It may therefore be 
assumed that a part at least of the differences in pig iron is due to the 
variations in size, shape, and arrangement of the graphite flakes. This 
theory is not, however, considered by the author satisfactory as an 
ultimate explanation. After reviewing various theories he states that 
perhaps the most generally accepted one is to assume the presence of 
variable amounts of oxygen in the metal. The most conclusive evi¬ 
dence is the actual isolation of magnetic oxide from samples of iron 
which have been badly burnt on the hearth of an air-furnace, and are 
known to have bad the characteristics commonly attributed to oxidised 
metal. This theory fits in well with all that is known regarding the 
relation between blast-furnace practice and the properties of the iron 
made. While accepting this theory as probably substantially correct, 
the author suggests that possibly a modification of it may be still 
nearer the tmth. It is generally assumed that the oxygen is present 
ns dissolved oxide of iron, but it seems possible, if not probable, that 
it may he rather in the form of oxy-sulphide of iron, which has been 
shown by Campbell to be capable of existing in iron and Bteel at high 
temperatures and to possess remarkable powers of diffusion through 
the solid metal. 


Influence of Vanadium on Cast Iron.— J. Kent Smith, 1 in 

dealing with the uction of vanadium on cast iron, states that it is 
best applied in the form of the alloy ferro-vanadium. Compounded 
in such a way as to ensure a maximum of solubility and a correspond¬ 
ingly low melting-point, an alloy containing 30 to 35 per cent, of 
vanadium. 10 to 12 per cent, of silicon, and a little aluminium was 
found to give the best results in the case of cast iron, because it melted 
at a lower temperature than the iron. About 0*15 per cent', of vana¬ 
dium should he added to the metal ns it is poured into the ladle; 
the metal should lie well rubbled to ensure thorough incorporation. 
The most, important strengthening action of vanadium resulted from 
its actual presence as a constituent of certain complex carbides, which 
were revealed by the microscope, and which might be described as 
carbides of iron, manganese, and vanadium. By the addition of 015 
per cent, of vanadium to certain cylinder iron, the tensile strength 
was raised from 13 4 to 1-4*7 tons; iu another sample, using 0*2 per 
cent, of vanadium, the tensile strength was increased from 11*6 to 
16*5 tons. Similarly the transverse tests on a fair sample of cylinder 
iron were improved from 2500 to 3100 lbs., while other samples were 

» Paper retd before a joint met mg of the Bummghatn Branch of tl* British Foundry- 
men's Association and the Staffordshire Iron and Steel Institute. January 27. 1M12* 
Foundry Tradt Journal, vol. »». pp. H+ H'i. 
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improved in varying degree* from 10 to 60 per cent. These improve¬ 
ment* were obtained without any sacrifice of deflection. 

Segregation in Castings. -G. L. Rhead, 1 in dealing with pellet# 
and segregation in iron castings, discusses in detail the complex 
character of cast iron anil the peculiarities of saturated solutions 
when solidifying. The author states that the metal in the ladle 
often contains less carbon at a higher teni|>eratiire than is attained 
in melting. This points to the fact that the metal contains more 
carbon than it is capable of retaining at the temperature at which 
it is cast. Such metal might make satisfactory thin castings, pro¬ 
vided that the separated graphite could be got rid of by a “ riser" 
or head. Phosphorus is the most fusible constituent in iron, and 
consequently it lowers the melting-point of the solutions into 
which it enters more tlian any other substance present. The brittle¬ 
ness of phosphoric iron when cold unfit# the castings for heavy 
machinery, and the weakness when hot may lead to fracture when 
cooling. In strong close grained castings, the’ silicon contents of which 
are kept low to ensure closeness and strength, it follows that the 
phosphorus must he low ; for great strength the maximum is 0*2 per 
cent, or 0*3 per cent. The relative behaviour of, carbon, silicon, and 
phosphorus explained the vagaries observed when examining different 
samples of iron in which the phosphorus contents were shown by 
analysis to be the same. In some cases the formation of pellets was 
noticed, and thesi* sometimes occurred occupying a kind of cell which 
they did not alwayB completely fill; sometimes they were found loose 
in cavities. Analysis of the pellets showed that they contained much 
more phosphorus tlian the hulk of the metal; thus 'a pellet from iron 
with 1*9 per cent, of phosphorus contained 4*06 per cent, of phos- 
phorns. The segregation of phosphide leads to curious results when 
.the motal is subjected to heat; it, may melt and liquate out, or the 
interior of the casting may melt out. 

Growth of G&st Iron. H. c. H. Carpenter* gives the results of 
further research into tho cause of the growth of cast iron after repeated 
heatings. 1 


The Relation of Test Pieces to Castings.— It is „*ual when 

casting to take a sample of the metal out of the ladle during the 
operation and determine the strength of this test-piece, and to assume 
that the casting itself will havo the same properties. J Treuheit * 
and L. Treuheit draw attention to the fact that this is illogical and 
may lead to very erroneous results. For example, the strength of a 
casting depends upon a variety of factors, such as 

. ... (/) Temperature of casting. 

(b) Chemical composition. (J) IUte of cooling, Ac. 
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Now the test-piece can only have the same strength as the casting 
whan all the factors are the same, and in practice this is not the case. 

Influence of Shaue of Test-Bars.— W. Gordon 1 and 0 H. Gulli¬ 
ver have investigated the influence of the ratio of width to thickness 
upon the apparent strength and ductility of flat test-bars of soft steel. 
The bars were rectangular in section, having n uniform thickness of 
i inch, 1-ut with widths vnrying from | inch to 4 inches. Neither the 
elastieit y nor t he ultimate strength were affected by the sire of section, 
but tho ductility was found to vary considerably. For a fixed gauge- 
length of 8 inches the extension incrcnaed as the ratio of width^to 
thickness varied from 2 to i inches. It remained sensibly constant 
us the ratio varied from 7 to 12 inches, and then uguin rose as it 
varied from 12 to 16 inches. The extreme difference of extension was 
10 per cent., or nearly one half the extension of the narrowest bar. 
For n variable gauge-length equal to 11 times the square root of the 
area similar results were obtained, but the extreme difference of 
extension was only 2 per cent., or about one-fourteenth of the exten¬ 
sion of the narrowest bar. 


Blowholes in Steel Ingots. —K. Trouhine S deals with the forma¬ 
tion of surface blowholes in steel ingots. During the casting of a steel 
ingot poured from above, the inferior surface of the ingut mould is 
frequently injured by the splashes of the nietal. It i« very seldom 
indeed that the temperatures of both the metal and the ingot mould 
are such that the bubbles detach themselves from the sides of the 
ingot mould without leaving traces. In order to avoid the formation of 
the surface blowholes thus formed various means have been adopted. 
At the Obouchoff Works the following simple arrangement has been 
employed : Before pouring, a truncated cone made of sheet-iron, speci¬ 
ally strengthened in places, is lowered into the ingot mould by means 
of three cables which p<»ss over a pulley and can be manipulated by 
hand. As the cone rises it becomes much heavier, owing to the 
splashes of metal which udhrre to it. When it arrives at the top of 
the ingot mould it is either withdrawn or left on the top of the mass. 
The splashes which ordinarily imping© on the walls of the ingot 
mould are received in this cone, which, on withdrawal, will be found to 
be encrusted with splashes, mostly of circular shape and various sixes. 
These .-plashes are hollow, and their walls are sometimes so thin that 
they collapse on cooling; while others, on the other hand, are much 
thicker, the hollow spne.- within representing hut a small percentage 
of the whole volume. The method of formation of the splashes and 
the physical conditions underlying their formation are discussed, and 
it is to their formation within the ingot itself that so many of tho 
superficial blowholes which occur during casting are due. This pheno¬ 
menon is accompanied by another of somewhat doubtful nature, which 


' TraHSMtimi of the Royal Sxiety »f EdinhirgH, vol, alvlil. (Port l.t.pn. 195-214 
* Kr. mt it iiit&llurgi*. J/M’lro, »ol. lit. pp. 127 - 132 . 


560 


THE IKON AND STEEL INDUSTRIES. 


results from the chemical action of oxidised splashes on the molten 
metal, and may result in the production of blowholes due to carbon 
monoxide. An examination of ingots cart with this cone contrivance 
shows them to be free from the ordinary surface blowholes, and to 
possess only a few deep-seated blowholes caused by splashes of metal 
which have been projected above the cone. Experiments were made 
by allowing a con© to be in contact with the top of the metal, and in 
other cases by raising it a little above the tipper surface of the metal, 
and the results are claimed to prove the contention that to these sur¬ 
face splashes much of the phenomenon of surface blowholes must be 
attributed. 

Prevention of Pipe in Ingots. —C. Canaria 1 discusses the em¬ 
ployment of thermit for the prevention of piping in ingots. This 
hinges on the fact that, when iron oxide and aluminium are brought 
into contact at temperatures above 1200°C., the latter metal combines 
with the oxygen, liberating metallic iron, and simultaneously raising 
the temperature to atiout 3000° C. 

SFeO+aAI=SFe-t-Al/> > . 

The thermit is Wept in cylindrical sheet-iron 1 sixes. The ingot is 
poured in the usual manner, and the mould allowed to remain on 
until a crust bns begun to form on the surface of the ingot. 
The thermit box Is now introduced and plunged to the bottom of 
the liquid metal. The reduction proceeds vigorously throughout the 
moss of metal, for the thermit iron and slag are so intensely hot that 
their specific gravity is appreciably less than that of the metal compos¬ 
ing the ingot. II euce they rise rapidly to the top, and the reaction pro- 
ct-ds throughout the whole ingot. At the end of the reaction the level 
of the metal falls some 7 to 15 centimetres in the ingot. More metal 
is immediately added from the ladle, the mould subsequently removed, 
and the ingot is rolled in the usual way. In this wav piping is 
prevented. J r r * 

Segregation in Steel. £• Heyn - and O. Bauer discuss an 
interesting instance of segregation occurring in a steel tube The 
cross-sect ion was Studied mirrographically. and exhibited a curious 
structure on etching with copper ammonium chloride. The outer 
shell of the tube remained bright, the inner portion yielding a dark 
coloration. Upon analysis the following results were obtained 



Outer Shell. 

timer Portion. 

Phosphorus . . , 

Sulphur • ♦ . . . 

Per Cent. 

0-029 

0-03B 

Per Cent. 
00© 

0-086 


» StaMl mmJ i/m, x«a. pp. 30.V911. « / t U.. pp. * 4 - 409 . 
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The interior of the tube, therefore, possessed an abnormally high 
sulphur and phosphorus content. 

Comparison of Qualities of Basic and Acid Steel. — A 

comparison of the quality of acid and basic steel is instituted by 
W. II. Keen * in a criticism of a recent paper by H. Fay. The 
relative advantages and disadvantages of the two processes of manu¬ 
facture are summarised as follows: — 

Factors which mat Lead to Inferiority. 

And. 

1. High phosphorus. 

2. High sulphur. 

3. Oxide of iron, which on account of the slow reaction of the bath 

lias to be added to hasten the removal of carbon and other 
elements. 

4. Manganese burns out completely, so that sulphur has to be 

neutralised by the ferro-manganese added nt almost the last 
moment before tapping. 

5. Usually silicon is present to such an extent that it is not safe 

to add sufficient excess to the ladle to produce a good de¬ 
oxidising effect on the metal. 

Basie. 

1. Occluded slag, which is very likely to be present in larger quan¬ 

tity than in acid steeL 

2. Oxide of iron, which has a greater tendency to form on account 

of the basicity of the slog, although partly eliminated by the 
manganese, which is always present. 

Factors which may Lead to Superiority. 

Acid. 

1. Oxide of iron not as likely to form, but not necessarily absent. 

2. Small amount of slag necessary in the bath, and thus probably 

very small amounts only are likely to go into the steel. 

Basic. 

1 . Low phosphorus. 

2. Low sulphur. 

3. Manganese is always present in the bath, and therefore ihas 

plenty of time to react with the sulphur, and put it into a 
less harmful condition. 

4. Silicon burns out, so that a large amount may be added in the 

ladle to act as a deoxidiser. 


* Iron Agt, vol lxxxviii. pp. 324-32*1. 
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Detail? of a series of tensile tests on steels made by both processes 
are also given. The prevailing opinion is that acid steel is superior 
to basic, but basic steel is not inferior to acid when equal care is 
used in the melting. A variation of 7000 lbs. in tuosiie strength is 
quite possible in two test* from the same bar as received from the 
mill Knowledge of testing materials at the present time is insuffi¬ 
cient to enable acid steel to be distinguished from luisic when of 
identical analysis, but an empirical formula worked out by A, G. 
McKenna is of value in judging the merit of steel by menus of the 
physical results, and allows predictions to be made os to limits which 
con be attained in elongation and tensile strength. 


New Methods of Mechanical Testing - R. Guillery > summarises 
the principal methods of testing m order to ascertain the chief physical 
properties of metals, which be classifies u hardness, elastic 'limit, 
elongation, and resilience and describes and illustrates with diagrams 
new machines for the Kill harness test and for ascertaining elastic 
limit and resilience. All these methods are applied either to the 
finished piece or to small and cheaply obtained test-pieces. Thev are 

AlSSLH T 100 • 8maU “ < « ,,ftntit y of the **tal to be tested. 

Although to this criticism it may be urged that if one of the two 

propemes-elastic hunt and resilience-be known, the tlnrd-hard- 
ness-is. in contradistinction to the tensile test, capable of revealing 
the homogeneity of the metal, and if the latter in ita relation to hard¬ 
ness is pruve.1 the probability is great Hint, homogeneity as to eln-tio 
b»„ •»,! redli.™ will .i»ia,l/„i». B«aJ££%Z£££i 

the elastic limtt. the most important quality to ascertain it, fast 

’muijsssr. “‘1“. “ ssr.3 

ria s £5ft*jar2 i tr£!r 

for elastic limit, resilience^d^K^ 0 ^/^^ if te8ts 

tol?an^ock^ tW ^ with"!?13?3 


me^tf! 1 o^thc^n?!?’ Hopkinson 1 ha*expeii- 

frequeney. The apparatus ^d wa. ^- n *^! 8tr « 88 «* ‘>* h 

which a test-piece. $ inch diameter and ^atl > ^,10 tester, in 

cally, the lower end being attoclnsl to he vT * ° n? ’ ~,“ 8 fixed vert ‘‘ 
of the piece carries a weight. The weiJhr 'i . T ‘ le u PP« r eud 

magnet placed above it, and excite! bv^lt " a *f lractad by an electro- 
S escited by alternating current. The pull 

® iftVttf it J///4//cmf IDa ,rtirm > ■ 1 

’ ** R* wlffl pp . l31 . HB 
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thus npplicd varies periodically between zero and a maximum value, 
the frequency of the variation being twice that of the current. The 
test-piece behaves as a spring, the lower end of which is held fixed, 
while the upper end carries the weight and is free to move in a 
vertical direction. The adjustments are such that the nntural peiiod 
of vertical oscillations of this system is approximately equal to tho 
period of the varying magnetic pull, which accordingly sets up large 
forced oscillations of its own period. By thus using the principle of 
resonance with a current frequency of 60 periods per second the innge 
of pull applied by the magnet may be magnified from 20 to 70 times, 
and the stress produced iu the piece can readily be made to alternate 
between 20 tons per square inch tension and 20 tons per square inch 
compression. The number of complete cycles per minute is 7200, and 
1,000,000 reversals can be performed in 2J hours. The test-piece is 
fitted with a simple form of optical extensometer, whereby continuous 
observation can be kept of the change of length occurring in a cycle 
of stress. Fiom the change of length the stress can be calculat' d if 
the piece is approximately perfectly elastic under the stress which is 
being applied. Kndtirance tests made in the new machine on mild 
steel showed that the steel would stand at least twenty milliou cycles 
of stress, ranging up to 20 tons per square inch. Comparative tests 
of the same steel, made by T. E. Stanton in a direct-stress testing 
machine, Bbow that the life of a specimen, both in number of cycles 
and time, is not appreciably altered in increasing from 1100 to 2000 
revolutions per minute, but at 7000 cycles the endurance in both 
respects is considerably greater. Fatigue being the cumulative effect 
of internal slips, the higher speed reduces the time available for the 
cyclical permanent set and increases endurance. Recovery, which is 
opposed to fatigue, is more complete at low speed*, hence euduranco 
is also higher at low speeds. The total effect is to make the endur¬ 
ance fall with speed to a very flat minimum and then to rise again. 

Fatigue of Welded Joints.— T. E. Stanton* and J. R. Punnell 
describe experiments undertaken with n view to obtaining a com¬ 
parison of certain properties of welded joints, made by different 
processes and different makers, with the corresponding properties 
of the unwelded material from which the joints were made, and 
thus arriving at an estimate of the general efficiency of modern 
welding processes. In response to an invitation to vniious engineers 
to submit specimens of welded joints for testing, a total number of 
167 joints were received. The method of welding and treatment of 
the joints was left entirely to tho makers, the only condition imposed 
being that all specimens should be made fiom bars lj inches in 
diameter. The joints were subjected first to n tensile test, and 
secondly to a fatigue test by the Wohler method, the former including 
determination* of the elastic limit, the yield point, the maximum 
stress, the total elongation, and the general and local elongations. 

1 Paper read before tbe Institution of CTttrfl Enginrerv Lfoormber 12, lStl. 
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Tlit< mean result of the tensile test* on the welded joints, expressed 
us a percentage of the strength of the original material from which 
the joints were made, weru :— 

.. .. PerCent. 

Hand-welded trim.. 

Hand-welded sieel.81 0 

Elect!.Lilly.welded iron.89'If 

Electrically- weldeil Heel ..... 03-4 

JoinU made by the oxy-acetylene process were also submitted by 
two makers, but the results were not compurnble with those obtained 
by the hand or electric processes. The various determinations made 
in the tensile tests showed a distinct want of uniformity in the 
material in the region of a weld, but the results of the fatigue tests 
proved that this does not materially affect its resistance to reversals 
of stress. \\ hen failure under alternating stresses of low value takes 
place, it is invariably due to a defect in the actual weld itself. The 
number of defective joints which were discovered in the whole investi¬ 
gation, however, leads to the broad conclusion that in important work, 
where the failure of any particular wedded joint may involve serious 
damage to the structure, the subjection of each joint to a proof-load is 
still desirable. 


Tests on Boilers. —J. E. Howard 1 gives particulars of tests carried 
out in order to ascertain the strain measurements of some steam 
boilers under hydrostatic pressures. Tests were made upon two 
horizontal tubular boilers which had been in service for a period of 
twenty-seven years. Gauge.! lengths were established on different 
l"’!* °\ lbe °° iten b y «>f holes, 10 inches apart and about 

O-O,. mch in diameter, reamed to a conical shape. The deformations 
of the boilers at different pressures wore determined by a 10-inch 
micrometer strain gauge, with conical points to fit the hole* laid out 
on the boiler-. The author show* by means of diagrams the strain- 
occurring at the region where measurements were taken • and for 
the sake of comparison, stresses were computed using a modulus of 
elasticity of 30,000,000 lbs. ’ b mo(,ulus °‘ 


Tests Of Mild Steels.— C. E Stromever 3 gives a detailed account 
of experiment- on the strength of mild steels that were undertaken 
with a view to discovering some simple tests which co.dd he depended 
upon for discriminating between good and inferior steels it being a 
common experience that, when a plate has failed through fracture, 
the usual mechanical testa to which it is then subjected hardly ever 
give any indication that the material was tod. J ' 

» Journal tf tkr Amfriran Sa itty Uofhmjtitat F.ai. i 

* Annual Memorandum to tbe NUncheyter ^ PP- 

Enftmrtr. voL mm. pp. fifiniw. Uier> Atsodoion; Xtukanual 

* •• Vulcan," Uttkaaual Emgimer, rot axviii p. 63 «. 
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engine. An examination of the shaft after the fracture showed the 
absence of a well-rounded fillet at the corner where the projecting 
end, which was broken oil, butted against the collar behind the crank, 
and it u passible that the stress set up at this {.art by the abrupt 
change of section was further intensified by an unusually tight" uip of 
the crank web when it was shrunk on, but it is impossible to sav to 
wnut extont these two causes separately contributed to the rupture. 


Tests on Reinforced Concrete.— W. C. Popplewell • deals with 
the determination of the stresses in the steel and in the concrete of 
reinforced concrete columns. In carrying out experiments the author 
sought for a satisfactory method of measuring the shortening of the 
steel bare and the simultaneous shortening of the adjacent concrete 
under the loads applied to reinforced columns. From these mwtsure- 
meuts. if they were reliable, he thought it would be possible to calcu¬ 
late the stresses in the steel and concrete, when the elastic moduli for 
the two materials were known. It was also thought that measure¬ 
ments made in this way would be the means of revealing anv move¬ 
ment of the steel relatively to the concrete. The main experiment# 
were carried out on five columns, 6 inches square, each reinforced by 
four round steel bars J inch in diameter. Loads were applied in a 
testing machine, and corresponding shortenings of t he steel and concrete 
were measured by means of Martens' extensometers. For the steel 
these wi re applied to the ends of pairs of pins projecting from the re¬ 
inforcing bars through holes in the concrete, and for the concrete they 
were applied to the surface as near as possible to the steel. 

Besides the main experiments, others were carried out to compare 
the effect of loading when the load was uniformly distributed over 
the end of the column and when it was applied in*the centre This 
enabled a comparison to be made between the effect of having the 
lood transmitted directly to the ends of the bars, and having it com¬ 
municated to the bare through the holding grip of the concrete. The 
result showed practically no difference. The experiments to find 
out the value of the modulus of the steel and the concrete yielded 
value* respectively of 30,200,000 lbs. and 1,535,000 lbs. per'square 

A further set of experiments carried out to determine the intensity 
of the frictional grip of the concrete on the steel resulted in values 
Ringing from 300 to 600 lbs. per square inch of bar surface, to cause 
slipping. The stresses in the steel and concrete, calculated for a 
working load of 13J tons which the columns were designed to carry 
were found to be, respectively, 437 lbs. and 8650 lbs. per square inch! 

I his gives a load on each bar of 1-7 tons, and comparing this with the 
loud required to push one of the bars through the concrete, as found 
from the experiments on frictional grip, it is evident that from this 
point of view there could not have been any slipping of the steel in 
the concrete. 

1 Pi P* r read Wore ihe Inaimticn of Civil Engineers. January 9 , i»l£ 
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Tests on Steel Columns with Concrete Filling. —W. H. Burr 1 

investigates the effect of n concrete filling on increasing the currying 
capacity of a steel column. The columns tested consisted first of two 
types of built-up columns of plain steel, and secondly of exnctly 
s i m i l a r steel members filled with concrete. The reinforced concrete 
columns were filled with 1:2:4 concrete, and were tested at three 
months. The steelwork consisted in one case of four vertical steel 
angle-bars arranged as the four corners of a square and braced 
together with lattice bars to form a square column 6§ inches in exterior 
dimensions, and in the second case of four vertical channels arranged 
with their fiats forming four opposite sides of an octagon, and wrapped 
at intervals with batten plates bent round in the form of an octagon 
7J inches across tho flats. Only the concrete lying within the t-x- 
teriur dimensions of the steelwork was included in the calculations. 
All the columns were 7 feet long. Four of each type were tested, 
two filled with concrete and two without concrete. The plain steel 
columns withstood an average total load of 67 tons on an area of 
4 square inches in the case of the angle construction before failure, 
and of 68 tons on an area of 4 76 square inches in the channel con- 
strnotion, which was not so securely braced. The addition of con 
crete increased the maximum lauds before failure to an average of 98 
tons on a total combined area of 42*21) square inches in the angle 
reinforcement, and to 90 tons and 112 tons respectively on an area of 
49 - 75 square inches for the two channel-bar columns. 


Reinforcements of Concrete with Cast Iron —E, von Emperger * 

suggests that cast iron may be used like steel for strengthening con¬ 
crete, for tho concrete greatly enhances the strength of the metal. The 
results rttcorded in the table show the effect of surrounding three 
cast-iron pipes with cement of different kinds, all four pipes being 
originally equal in strength. 


Pipe 

No. 

Treatment. 

Breaking Strength, 

Tunis 

1 

. 

137 

3 

^Surrounded bjr ocmctu 29 centi- J 

315 


| metres in thickness 

307 


• \ 

3*2 


Other experiments confirm tho above, and it is evident that a wide 
field for research is hereby opened up for structural engineers. 


Definition of “ Elastic Limit - and “ Yield Point.”-In a report 
issued by the Engineering Standard* Committee* the following defini- 


; a SKt&SE Enrn “"- ^ •• iyu - 

* Report No. 66. London. 1911. 
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tions of the terms “ elastic limit ” and “ yield point" are given. The 
elastic limit is the point at which the extensions cease to be propor- 
tional to the loads. In a stress-strain diagram plotted to a large 
scale it is the point whero the dingi uni ceases to be a straight line 
and becomes curved. It can only be determined by the use of very 
delicate instruments, and by the measurements of the extensions for 
small successive increments of load. It is impossible to determine it 
in ordinary commercial testing. The yield point is the point where 
the extension of the bar increases without increase of load. A prac¬ 
tical definition would be that it is the load per square inch at which 
a distinctly visible increase occurs in the distance between gauge 
points on the test-piece, observed by using dividers; or at which, 
when the load is increased at a moderately fast rate, there is u distinct 
drop of the testing-machine lever, or, in hydraulic machines, of the 
gauge finger. A steel test-piece at the yield point takes rapidly a 
large increase of extension, amounting to more than ? J^th of the gauge 
length. The point is strongly marked in a stress-strain diagram. 

Determination of Stresses in Materials -In a lecture before 
the Sheffield Society of Engineers and Metallurgists, E. (5. Coker 1 
discussed the use of polarised light as an aid to determining stresses 
in engineering materials. He pointed out that many of the problems 
with which engineers wore called upon to deal related to stresses 
which varied enormously over a comparatively small distance, aud it 
was therefore necessary to have a method of dealing with stresses at 
a point. This was done by the optical method of determination. By 
certain principles which hud long been known, the stresses in a trans¬ 
parent materia] could be ascertained, and if it could be shown that 
the stress distribution in a transparent laxly for some case, or a 
certain number of cases, was precisely the same—or very nearly the 
same—as in metals—then the use of the optical method for determin¬ 
ing stresses in bodies of any given form was quite justified. 

Modulus of Elasticity aud Thermal Expansion of Metals.— 

H. Sieglerschmidt * shows that the relationship between the elastic 
and thermal properties of a large number of metals can Ik* expressed 
by means of the equation E/* = C(1/Ay8)", in which E is the elastic 
modulus, x the density, A the atomic weight, fi the coefficient of 
thermal expansion, and (J and n are constants. 

Changes in Dimensions of Steel Wire when Twisted. —J. H. 

Poynting 3 describes experiments on the changes in dimensions of a 
steel wire when twisted, and ou the pressure of distortional waves in 
steels. The author has previously shown * that, when a loaded wire is 
twisted it lengthens by an amount proportional to the square of the 

I Mechanical Engineer, vol. xvviii. p. 741. 

* Anna lee « tier Phytik , vol. xxxv. pp, 775-782. 

1 P/weeding} of tit Key a! Satiety, Serin A., vol- lxxxvi. pp. 534-561. 

4 /kid , vol. Irani, pp. 546-550. 
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angle of twist. He now shows that if the wire is previously straight¬ 
ened bv heating it tinder tension, the lengthening is, within errors of 
measurement, the same for all loads which could be applied, so that, 
as was supposed, the only function of the load in the earlier experi¬ 
ments is to straighten the wire. A theory of the changes in dimen¬ 
sions is given, which appears to account for the experimental results 
when a single wire is dealt with. 

Calibration of Testing Machines- —A. Martens’ states that for 
the calibration of testing machines a set of high-grade cylindrical steel 
specimens have been prepared at the Royal Testing Institute, Gross- 
Lichterfelde, calibrated for loads up to 500 tons. Further, the author 
has devised a machine capable of measuring forces up to 3000 tons 
per square inch, which depends for its action on the hydraulic prin¬ 
ciple, thus obviating the difficulty encountered in the damaging of the 
beams of testing machines by the heavy stresses at fracture of test- 
pieces under great loads. 

Electric Testing Machine- —K. Perlewitz * describes an electric 
machine designed by G. Kapp for testing the capacity of steel and 
other structural material to withstand frequent stress repetitions. 
One end of the test-bar is attached to a rigid block and the other 
to an armature, placed immediately over the poles of two electro¬ 
magnets, excited by the same alternating current. The test-piece 
can be subjected to about fifty pulls per second, and the stress can bo 
varied by varying the amount of current It can also be made alter¬ 
nating by duplicating the magnets and using two-phase current. With 
a current of 110 volts, a pull of about 4 cwts. can he obtained, 
and it is possible to make ten million applications of the test-stress 
within thirty hours. 


Influence of Rate Of Shock. —J. Resal 1 discusses the theoretical 
considerations involved in shock tort.-, with special reference to the 
influence of the speed at which the shock is delivered and transmitted 
throughout the bar. lie gives mathematical formula-, showing that 
there i« a critical rate of propagation which leads to fracture and will 
consequently entail dangerous conditions. Reference is made to the 
investigations of Henry on the same subject. 


nie Aphegrapb -K. Gutllery« describes the application of the 
apbegmph to shock-testing machines. It is a simple device consisting 
of acrankand shaf , which can be applied toulternating stress machines 
,n on er to reconi the speed and acceleration of the piston It is 
exceedingly simple in design, and can be employed to shorten the 

n£" ,adUk ‘ AkaJ ' mi ‘ (Bcrhn). Report No. 53. mi. pp. 1132- 
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labour of calculation in shock testa with a falling weight, anil for 
mnny other purposes. The appliance ia the invention of Ch&rpentier, 
who described it in May 1911 before the French Academy of Sciences. 

Testing Machines. —C. A. M. Smith* describes the arrangement 
of various types of tenting machines, including the Wicksteed, 
Kennedy, Amsler, and Riehle types. 

A. Seydel * describes a testing machine for testing up to 3000 tons. 

Brinell Hardness Numbers. — A table of Briuell hardness 
numerals is given.® 

Strength Of Materials —E. Leber 4 discusses the advances made 
during the last ten years in our knowledge concerning iron, particu¬ 
larly as regards the influeuee of alloying elements, upon its chemical 
and mechanical properties and the methods of testing the last named. 

It. T. Stewart ® investigates the strength of steel tubes, pipes, and 
cylinders under internal-fluid pressure. 

Expansion of Nickel Steel —0. E. Guillaume* deals with the 
changes in volume which nickel steels undergo in the course of 
time and when heated. Steels with from 28 to 42 per cent, of 
nickel expand slowly, while steels containing from 42 to 70 per 
cent, of nickel contract. Nickel steels of still higher grades remain 
unchanged. A steel containing 36 per cent, of nickel expanded in 
4500 days by 38 p, bnt the extension of a hardened nickel steel of the 
same composition was only lap. In forged invar bars of 36 per cent, 
nickel slow-beating up to 160° 0., followed by slow-cooling to 40° C., 
accelerates the transformation, and the bars are subsequently much 
more constant na to length than similar bars kept at ordinary tem¬ 
perature. In general, nickel steels should be heated up to 100° C. for 
many hours to hasten the ageing; this applies also to the drawn and 
quenched alloy. Two causes appear to be at work, the one favouring 
alow expansion, the other slow contraction. In the 42 per cent, alloy 
the two effects balance one another, and these alloys arc also less 
subject to oxidation than other steels. The correct length of nickel- 
steel bars which have undergone various thermal and mechanical 
treatments can l>e calculated by* means of tables which are given. 

Use of Nickel-Steel Rails —Some experiments on the wear of 
mils of different compositions have been conducted : by the New York 
State Railways at Rochester, N.J. In the spring of 1909 a section of 

1 Casrirrs ifagatine, vol. ill. pp, 167-163. 

* Stahl sued £utn . voL xxxii. pp. 399-402. 

* A annum Machinist, voL xxxv. p. 9NJ. 

* Stahl unit Slum, vol xxxii. pp. 129-1:15, 350-366. 526-533. 695^700 ft stf. 

* Journal a/the Amt man Satiety of Mechanical Engineers, vol. xxxiv. pp. 495-610. 

* Comfit: Kendo:, vol. diii. p. 156. 

* Electric Kailway /anneal, vol. xxxviii. p. 801. 
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<loitbl« track about 800 feet long was laid with 7-inch 100-Ib. mils 
containing 3 per cent, of nickel. The rail* maintained so good it 
surface that in the summer of 1911, 150 tons more of the same rail 
were used, the new section being jointed with nickel-steel fishplates, 
bolts, and nuts. Another section of track has been laid with high- 
carbon 7-inch rails with carbon ranging from 0 - 75 to 0'875 per cent. 
It is thought that such rails will be strong enough structurally to 
sustain the heaviest service conditions which cun he imposed upon 
them by electric-railway service, and that they can bo handled and 
laid without risk of breakage if proper care is taken. For the 
remainder of the new track titanium rails are being used, which Uuvo 
been the company’s standard for some time ; a 5-iuch titanium rail is 
employed, and 1500 tons of these hnve been laid in 1911. 

Wear of High-silicon Tramway Rails. R. B. Holt* considers 
that much irregular wear of rails and tires would be prevented if the 
rail surface wero made convex to begin with. The wear of modern 
high cnrbon tram mils manufactured to standard specification is very 
irregular, much more so than the wear of the earlier low-carbon rails 
wrongly described as soft, hut actually attaining a considerable per¬ 
centage of manganese which gives excellent wearing results. In Leeds 
remarkable result* hnve been obtained from using Sandberg silicon steel 
rails, over 6000 tons ltaving been used during the p&st four years. 
Those 6teel mils, ns compared with ordinnry basic Bessemer rails, 
show a reduction of wear of 33 to 40 per cent. Sandberg’s steel rails 
are uot free from the corrugation effects, but such markings do not 
develop ns rapidly as in ordinary steel, and after four years’ service 
it bus not yet been necessary to grind the corrugations from the 
Sandberg steel mils in Leeds. The thermit-welded joint has given 
satisfactory results on the Leeds tramway tracks. 11,000 joints 
having been welded during the past eight years, and the total 
breakages not exceeding 3 per cent. 


Wear of Tails, and Rail Failures. —Investigations have been 
curried out by the Railway Committee of the American Railway 
Engineering Association upon the cnuses of rail failures, and records 
of such failures have been compiled, the results Wing presented in a 
recent report. 9 The report contains a number of statistical diagrams, 
together with information as to results with rails of different steels, 
sections, and weights. The relation of phosphorus to carbon prescribed 
for the rails under investigation was as follows: - 


Phosphorus 
per Cent. 
010 
0086 
0 06 
0-»M 
008 


Carbon 
F*r Cent. 

0 43 to 0-58 
0 66 to o r* 

0 66 to 0 68 
0-63 to 076 
070 to 0-85 


gmfiitttnng Ainu, rot Uvl pp. 6:18-538. S 5 octsnoo. t-Mcago, 
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A comparison of rails of Bessemer and open-hearth steel indicates 
very emphatically the superiority of the latter kiud of steel. 

With regard to the proportion of discard of the ingot, the 
Committee remarks that the marking of the rails to distinguish the 
original position of the material in the ingot has become very general 
The failures of mils from near the head of the ingot are the most 
numerous, but there sire also very many failures in the next following 
two-fifths of the height of the ingot. Unless there is an improvement 
in the making of the ingots, it will require the entire elimination of 
tho upper two-fifths to be sure of obtaining only sound rails. Several 
companies nre making trials of experimental lots of special Bessemer 
and open-hearth steel alloyed with different metals, such as titanium, 
nickel, chromium-nickel, die., hut the results have not always been 
satisfactory. The average number of failures per 10,000 tons of the 
different kinds of rail tested are: Open-hearth steel with titanium, 
12; Bessemer steel with titanium. 13$; Bessemer steel with nickel, 
9tl; open hearth steel with diromium-nickel, (140. On the Central 
Railway of New Jersey the record for 90-lb. open-hearth chro¬ 
mium-nickel rails was very l»d, there having been 1129 failures 
per 10,000 tons of rail laid. On the Baltimore and Ohio Railway 
with the same class of rail there were 595 failures per 10,000 tons. 
The amount of nickel is 2 to 24 per cent, and the chromium 0‘5 to 0-9 
per cent. On another railway 85-lb. manganese-steel rails were com¬ 
pared with ordinary, Bessemer, and in nineteen months the percentage 
of area of head abraded was slightly over three times as much for the 
Bessemer as for the manganese. The manganese rail contained 9’93 
per cent, of manganase. Iu another case, 85-lb. manganese tails 
were compared with ferro-titunium steel, anti in eight months the 
ferro-titanium rail showed over twice as much wear as the manganese. 

The report by J. E. Howard, who was appointed by the Interstate 
Commerce Commission and the Bureau of {Standards of the United 
States to inquire into the cause of the Lehigh Valley railroad 
accident, which occurred on August 25, 1911, is published. 1 He ha* 
made an exhaustive examination of tho fractured steel rail which 
was the apparent cause of the disaster, and points out that current 
railroad practice in the use of hard-steel rails and high-wheel pressures 
has almost reached the limit of endurance of the metal, 

J. Grierson 5 suggests that experiments might with advantage be 
made in the use of alloy steels for tramway rails, with a view to 
establishing a standard composition capable of resisting the heavy 
wear due to the conditions of electric traction. Manganese steel is 
chiefly used for points and crossings, but there are a few tramway 
systems where cast steel is used iu conjunction with iron bonnd cross¬ 
ings in preference to mnnganese steel. The author favours the latter 
material, owing to the fact that the majority using manganese steel 
admit its liability to honeycomb. Thermit welding is used on eighteen 

1 hvm Tnde Emm. sol I. pp. 353-3fiP. 

» Report tp tbe Municipal Tramways Association ; EJertrifiam, vol. Ixvffl. pp. 6-8. 
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systems, but experience shows that Hooner or later all thermit-welded 
joints become dished. In Glasgow, in the centre of the city, where 
traffic is heaviest, the number of broken joints bas been enormous, 
the life of a joint averaging about three years, at which rate all 
welded joints will have been cut out long before the rails become 
worn out. 

H. Muttinson 1 considers that the composition of the steel for tram¬ 
way rails, as prescribed by the British Standard Specification, is such 
that it cannot be classed as high-quality steel, and is not of a grade 
suitable for electric traction. In his experience the thermit-welded 
joint has proved more successful than other types, since during a 
period of five years less than 3 per cent, of breakages occurred with 
(000 joints. The dishing of the rail at the joint is a serious defect, 
and a method is now coming into use of welding into the dished rail 
hard steel by means of the oxy-acetylene blowpipe. 

Wear of Tires.— In order to reduce the wear of the tread and 
flange of tires a system of lubrication of the side of the bead of the 
rail has been tried on some railways in America.* It is stated that 
water sprayed on to driving-wheels of |utssenger engines has increased 
the period between the re turning by three or four times. If solid 
lubricant* or oil are used there need be no risk of application of the 
lubricant to the tread. Several hundreds of engine in the United 
States have been equipped with lubricating appliances, among which 
the most efficient is said to be the Elliot flange lubricator. The time 
between re-turning has increased in some instances from three to 
twenty mouths, and in other instances, measured in mileage, the 
improvement is from 25,000 to 75,000 miles. 

8chwar*e * discusses the manner in which metal tires of loco¬ 
motive and carriage wheels wear away during Bcrvice, and the best 
means of testing the tires before use. 

An adverse criticism is given ‘ of B. Schwarze’s researches on the 
hard nee* of steel tires. 


Tests of Rails— C. Fremont* describes his method of testing 
rails. His impact test is performed on specimens measuring 10 x 8 * 
30 millimetres, supported on knife edge, 21 millimetres apart, and 
they receive the impact of a weight, of 10 kilogrammes falling from a 
height of 4 metres. The material is considered dangerously brittle 
if the energy required to produce fracture is less than 20 kilogramme- 
rnetres. Test, made on a whole-rail section cut up into forty-one 
pieces show that the material from the web and centre of the'head 
b brittle, while the remainder may he quite satisfactory. Fremont’s 
new test consists in removing the material from the head of the rail 

I Report to the Municipal Tramways Association ■ „ „ 

« f.mftmrrrjmf, ml. xaupp, WK-WT. * ****"«*". ToL l*vb>- PP- 8-!>. 

* Stahl and Exum, rot. uni. pp. 3 >>i6-3iU 7 
4 />iV.. *oI. xxxii. pp. H7S 477. 

» C/mu Civil, vol. lit pp. 7-11, IS 30,1A-61 72 - 76 . 
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to a depth of 20 millimetres. This expose* the brittle material, nnd 
an lS-inch length of rail is then tested in a machine of the flywheel 
type in such a manner that the brittle material is under tension 
when it receives the impact. 

Hardness Tests Of Sails. — Some experiments have been carried 
out. in the laboratory of the Italian State Railways on annealed rails, 
which displayed when in use great variations in hardness. Tho 
experiments have shown that there is a relation between the hard¬ 
ness as determined by static methods and the coefficient of resistance 
to tensile stress. A method of applying the hardness test so os to 
bring out this relation, and incidentally to ascertain the tensile 
strength of the material, is described * and illustrated. 

Corrugation of Rails. — G. E. Pellissier* suggests a new theory 
of the cause of rail corrugation. He considers that corrugations are 
directly due to non-uniformity of pressure Ixjtween the tr ead of the 
car wheel and the surface of the rail, and between the flange of the 
wheel and side of the rail head ; that any set of conditions which pro¬ 
duces this non-uniformity of pressure will cause corrugations if the 
maximum intensity of pressure exceeds the elastic limit of the rail 
material, but comparatively few combinations of circumstances pro¬ 
duce this condition. Any conditions which displace the position of a 
point of maximum intensity of pressure from the approximate centre 
of the rail head to the edge where particles are free to move in one or 
more directions reduce the elastic limit to its linear value, which is 
not more than one-third of its cubical value. The relative position 
and shape of tho rail-head, wheel-tread, and wheel-flange have great 
influence on the position of the point of maximum pressure, and thus 
are mainly responsible for the corrugations ; if the rail and wheel are 
so designed, and the rails so laid that the maximum intensitv of pressure 
occurs near the centre of the tread surface of the rail, most of the 
corrugations can be eliminated. Corrugations produced by pressures 
exceeding the cubical elastic limit of the steel can be eliminated only 
by raising the elastic limit, increasing the urea of contact, or by 
making the acceleration so uniform that a uniform cold-flowing of the 
metal will follow. In support of this theory a few facts regarding the 
intensity of pressure nnd its point of application are given. 

R. Sieber 1 discusses the various canses and occurrences of corruga¬ 
tions which frequently occur on well-used railway lines. 11 is observed 
that they do not appear on sharp curves, and only occur in other cases 
when the speed of the traffic exceeds a certain limit 

Specifications for Iron and Steel —H. B. Strango'* deals with 
specifications for steel under the following heads: (1) Unwritten 

I IftnUrio Ferrvtia, vol. vii. No. 12; Revue dt UttaiUrgie, Extraits, voL via. pp. 
71H-720. 

» Electru Railway Journal, September 30, 1911; Eltttrieian, vol- liriii. p. 221. 

II Stakl unJ Eiien, vol. xxxi. pp. 1474-H7S- 

* Lecture delivered brfoxr the Junior Institution of Engineers; .t (rekanital Engineer, 
vol. xxviii. pp. 774-778. 
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specifications, that is, those which are the result of long commercial 
intercourse between manufacturer and user, which may be taken to 
include crucible steel; (2) specifications prepared bv the Admiralty 
and War Office governing the manufacture of forging and castings 
for guns; (3) specifications prepared by the Admiralty, Lloyd’s 
Register, Bureau \ eritus, «tc., for shipbuilding; (4) specifications 
prepared by railway companies; (5) specifications issued by largo 
engineering firms; and (0) miscellaneous specifications for steel for 
special purposes prepared by private individuals. 

New standard specifications for engine bolt iron, locomotive-boiler 
rivet steel, open-hearth steel girders and high tee rails, wrought-iron 
bars, and rolled-steel axles, and the revised standard specifications for 
steel castings issued hy the American Society for Testing Materials, 
have been published. 1 


Specifications for Steel Axles and Shafts —The American 
Society for Testing Materials has issued 3 specifications relating to 
steel axteB and shafts. The chemical composition specified is as 
follows : — 

Carbon .... Not over OGn per cent 
Manganese, . . . U-pltoODO , 

Phosphorus. . . . Not over 0-06 

Sulphur .... Not over 0-06 „ 


The physical tests to w hich the material is required to conform at e as 
follows : — 


Ultimate strength. Ibs. per square inch . 
Elastic limit, ibs, per square inch . 
Elongation in 3 inches per cent . I 
Redaction of area, per cent . 


85.100 

50,000 

33 

46 


The following regulations os to heat treatment have been laid 
down:— 

Each axle, shaft or similar part shall be allowed to cool after 
forging, shall then he re-heated to the proper temperature, quenched 
m some medium, allowed to cool, and then re-heated to the proper 
temperature for annealing, r 

Warped axles or shafts or similar parts must be straightened hot 
at a temperature above 900 F. 

All axles, shafts, and similar parts shall be free from cracks, flaws, 
seams, or other injurious imperfections when finished. 

All axles shafts and similar parts must be rough-turned, with an 

Sr.". ,or ““»• <* »"»■ -I-* “ 

The heat number shall be stamped on the rough-forged collar. 


Specifications for Stee 

specifications drawn up by 


ateel Reinforcement Bars —The proposed 

. R. Webster for submission to the 


' 'r™ T ' adt vol. L pp. 76S-7G3. 
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American Society for Testing Materials have appeared. 1 The 
chemical and physical properties an* as follows:— 


Properties Considered. 

Structural Steel Grade. 

Hard Grade. 1 

Cold- 

Plain 

j Deformed 

Plain 

Deformed 


Bars. 


Bara. 

Bara. 

Bara. 

Bars. 

Phosphorus, mot— 






Bessemer . 
Open-hearth 

010 

Oitt 

010 

006 

0 10 
006 

0-10 

0115 

0-10 

o-06 

Ult. tensile strength, j 
tbs. per sq. in. | 

66.000 

to 

70.000 

66,0 O0 ) 

70,000 | 

fin.000 min. 

HO.OOO rain. 

1 Recorded 

1 only 

Yield [sunt, min., lbs. 1 

33.000 



per sq. In. . . } 

33,000 

50,000 

50,000 

65,Oral 

Elongation, min. per 1 
rent, in 8 ins. . f 

Cold bend without frac- 

1.400,000 

1.260,000 

1.900.000 

i.oooono 

5 per cent, j 

tens. sir. 

tens. Mr. 

tens. sir. 

tens »tr. 

ture— 






Bars under $ in. in dia- 1 

18u"d.=lt. 

l»fd.=lt. 

180“d. — 3t. 



meter, or thickness f 
Bars f in. in diameter 1 
or thickness and over I 

180’d.—4t. 

IR0“d. = 2L 

lS0*d.=1t. 

1 

Q. 

11 

M 

r 


90* d. =3t. 

90’d.=4t. 

I80”d.=3t. 


1 The hart! grade will be used only when sped bed. 


Specifications for Motor car Steels. — At a meeting of the 
American Association for Testing Materials n proposed standard 
specification was submitted covering motor-car carbon and alloy steels. 
It comprises eight classes, according to chemical composition, details 
of which are given. 3 


Magnetic Properties of Special Steels —0. Boudouanl* has 
e ermined1 the resistance of nickel, manganese, chromium, and tung¬ 
sten steels bv means of the Kelvin method. Two series of alloys with 
each metal were prepared, in one of which tho percentage of 'carbon 
was from 0-1 to 0'2 per cent, and in the «the“from 0** to 0 8 per 
cent. Tlie author found that m carbon steels the electrical resistance 

h t,e W ‘ ,h Dickvl COIl!,Unt the resistance is 

considerably mcrea*ed hy the carbon, bnt carbon appears to have very 
httJo effect on manpinese steels. In the chromium series inegu- 
laiines weie observed which appears I to have no relation to the 
»r K.n percentage. In the case of tungsten steels the state of the 
metal, whether hard, annealed, or normal, appeared to have no influ¬ 
ence on the resistance. 

O. Boudouanl* has continued his investigation* of the electrical 
resistance of steels, which, in the first instance, were confined to 

' {"• dl». rol. Ixxrviii. p. 379. 

•*** an ^ TrvJtj ftevirw, vol, Univ o. 000 
« vj. cMi. pp. u:r> M7R * P ‘ 

fitvut Jt Mitallurgit , Alimcim. *oL ix. pp. 294-303. 
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carbon steels, and a few chromium, tungsten, manganese, and nickel 
steel.- containing small percentages of the alloy metal, 1 and to a series 
of special steels in which the percentage of the alloy metal rises as high 
as 30 per cent. Tables are given showing the results of the experi¬ 
ments. Benedicks’ formula enables the specific influence of each 
metal on the electrical resistance of special steels to be ascertained. 
Generally speaking, the increase in the resistance per unit of the 
ndded metal gradually decreases. 

C. F. Burgess 8 and J. Aston have determined the electrical resist¬ 
ance of electrolytic iron and its alloys, the mechanical and magnetic 
properties of which have been previously studied. Alloys with high 
values for physical hardness and magnetic coercive force show also 
high electrical resistance. The most resistant alloys are those con¬ 
taining nickel and chromium, with or without silicon, carbon, or vana¬ 
dium. A table is given showing the composition and electrical 
resistance of those alloys having a resistance more than seven times 
greater than that of standard electrolytic iron. 

J. G. Gray* and A. D. Ross describe their experiments on the 
magnetic properties of a variety of special steels at low temperatures. 
The experiments were carried out on specimens of steels prepared by 
Sir W. G. Armstrong, Whitworth A- Co., from the same variety of 
soft iron, in the form of cylindrical rods. The -pecimens, which 
included iron, carbon steels, chrome steels, silicon steels, phosphorus 
and tungsten steels, were tested at room temperature and’nt —190° C. 
(when immersed in liquid air) in the conditions brought out bv (1) 
normalising, (2) annealing at 900° C., (3) quenching at 450° C.,' and 
(4) quenching at 900° C. It wo., found that the effect of cooling to 
the temperature of liquid air is in general to diminish the perme¬ 
ability for low values of the magnetising force, and to increase it for 
high values. A magnetisation curve corresponding to - 190° C. lies 
initially below and finally above that corresponding to room tempera¬ 
ture. In the carbon steels the value of the field strength for which 
the curves cross increases with the carbon content. In these steels 
the coercive force is greater at - 190° C. than at 15° 0. Tn high 
carbon steel in the quenched condition the coercive force is 32 at 
room temperature; at -190= C. it is 50. In the case .>f chrome 
steels the crossing points of the curves are very low. In annealed 
steel of this variety containing 10 per cent, of chromium the crossing 
point is at H=8, and is only slightly higher in the condition brought 
about by quenching at 450° C. In this steel cooling to -190° C. 
brings about an increase in coercive force. In annealed steel contain¬ 
ing 4 per cent of chromium crossing of the curves takes place for 
H- 150. In the condition brought about bv quenching at 450° C. 
crossing takes place at H- 16. Quenching a't 900° C. results in the 
magnetising force necessary to bring about crossing becoming very 
great. In annealed silicon steels containing 3 5 per cent, of silicon, 

l /enrnal vf Ike Inn and SletJ /nit,lute. 1»Q, No I o 299 
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crossing of ^tho carves occurs for H = 150 c.g.s. units. After quench¬ 
ing at 900° C. the magnetisation curve corresponding to — 900° ,C. 
lies everywhere above that corresponding to room temperature. An 
annealed-steel specimen containing 6 per cent, of silicon behaved in 
a somewhat similar manner. In the annealed condition crossing of 
the curves took place for H -180 c.g.s. units. After quenching at 
900° C. crossing took place for H = 15 c.g.s. units. In the silicon 
steels the effect of the liquid-air temperature is to increase the 
coercive fore?. Specimens of tungsten and phosphoric steels behaved 
quite normally. Tungsten steel is magnetically much harder at 
- 190° C. than at ordinary room temperature. In all cases where a 
series of special steels has been examined the general rule is found to 
hold that the crossing point of the 1-H curves, corresponding to 
15° C. and - 190° C. respectively, is higher the greater the amount 
of the added element—carbon, silicon, chromium, and others. This 
rule holds for the steels in either normalised, annealed, or quenched 
conditions. 


Permeability of Iron. — E. F. W. Alexanderson 1 shows by means 
of tests carried out on n high-frequency machine that iron is* able to 
follow us high a frequency as 200,000 cycles per second, and that its 
magnetic permeability under high frequency is probably the same as 
with low frequency. lie concludes from the experiments that the 
amount of iron used in the construction of high-frequency motors 
might be reduced with advantage. 

Magnetic Properties of Nickel and Iron. —In order to Ascer¬ 
tain the influence of the magnetic field on passive nickel and iron, 
II. (». .Byers* and A. F. Morgan placed an anode of nickel or iron and 
a platinum cathode in a test-tube containing an electrolyte (sulphuric 
or nitric acid, sodium nitrate, or potassium sulphate), and measured 
the current density required to render the anode passive, both under 
ordinary conditions and when the test-tube was placed between the 
pol. s of an olectro magnet. The current density required to render 
nickel passive was found to increase materially when the metal was 
in the magnetic field, and the same result holds good for iron. Steel 
is more difficult to render passive when magnetised, and soft .steel is 
affected to a greater extent than hard steel. The positive pole of the 
magnetised piece of metal is more easily rendered passive than the 
negative pole. 


Magnetic Properties of Metal Compounds— E. Wedekind* 

statos that the magnetisability of simple chemical compounds, which 
are derived from a ferro-magnetic or a latent-magnetic metal, is 
a well -defined molecular property, which is associated with the 
stoichiometric composition or constitution of the compound. Simple 

« EUttrvUckHitOt Zntukrift, voL nodi. pp . 1078-108L 
I .'fw riiiM IkemujJ Society, rol. xxxiii. pp 1757-1761 

» Paper read t*fore the Faraday Society. April 23. 1012. 
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compounds of ferro-magnetic met*In ore throughout essentially more 
feebly magnetic than are the metals themselves, so far os it con¬ 
cerns independent representation of the degree of valency. Simple 
compounds of the latent-magnetic metals—manganese, chromium, 
vanadium, and probably also titanium—are generally more strongly 
magnetic than the metals ; the maximum rnagnetiaabilitv is neverthe¬ 
less determined by the stoichiometric composition, especially where 
several compounds of the same components exist. Manganese has a 
maximum in the trivaleut condition when combined with such 
elements as can themselves be trivulent, that is, when the atomic 
ratio is 1:1. Some of these compounds act as permanent magnets. 
With the independent oxides of manganese, chromium, and vana¬ 
dium, the susceptibility appears os a function of the metal content, 
with the sulphides of vanadium as a linear function of the sulphur 
content; it is thus dependent on the valency of the metal in the 
respective compound. So-called mixed oxides or sulphides, which 
represent no single degree of valency, are for the total metals more 
strongly magnetic than the independent forms of compound ; this 
is connected with the acid nature of one of the components which 
always exhibits the higher degree of valency. Such a compound 
always reveals itself when graphically represented by a sharp break 
in the curve. The magnetisability generally falls off with a lowering 
of the atomic weight of the principal metal ; several manganese com 
pounds are ferro-magnetic. No vanadium compound is decidedly 
ferro magnetic. To the left of vanadium stands titanium and its 
compounds, the investigation of which is now in hand, and with this 
element the minimum will be reached. 

E. Wedekind 1 and 1. Veit describe the following further ferro¬ 
magnetic compounds of manganese : manganese bisulphide, manganese 
aelenide, manganese filicide, and manganese arsenide. 

Steel for Permanent Magnets —E. Kilbum Scott * discusses 
•teel for permanent magnets, and describes the experiments of 0. F. 
Burgess and J. Aston. 


Nomenclature of Microscopic Constituents.— H M Ho»o a 

deals with the need for uniformity in the nomenclature of the 
microscopic constituents of iron and steel. The convenience of 
readers requires that the meanings of words should be changed as 
little as possible unless for strong reasons, and it would therefore be 
wn* to disturb the existing nomenclature as little as possible Most 
of the present names have beer, in general use for nearly a quarter 
of a century, and to attempt to forbid their u- e would be as unwise 
&j* it would be futile. 


i 

9 
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Appliances for Metallography. —C. II. Hayward 1 describes 
several appliances for use in the metallugruphical laboratory of the 
Massachusetts Institute of Technology. One is on electric-resistance 
furnace, by which accurate control of the heat necessary for tnetnllo- 
graphic work is obtained. A grinding and polishing machine is also 
described, in which the specimen is held against a horizontal plane 
instead of against n vertical wheel, os is usual in such machines. In 
order to obtain good results in making photomicrographs the surface 
of the specimen must be perpendicular to the axis of the microscope, 
and various devices fur securing this need have been proposed from 
time to time. A new form of specimen-mounter is described, which 
gives excellent results os an accessory to a vertical microscope, as it 
can be quickly adjusted to take specimens of different sizes. 

11. Le Chatelier * and VV. Broniewski describe au automatic photo¬ 
graphic recorder, which can most advantageously be employed in 
researches on the critical points, as it gives a continuous curve in 
which aru clearly shown critical points which are too weak to be 
perceived by the interpolation of a thermocouple. A summary of 
previous experiments in the direction of automatic registration is 
given, after which a special apparatus is described anil illustrated. 
It is based on a principle proposed by Saladin, who used a prism 
inclined at an angle of 45° between two galvanometers, with the 
result that the deviation of the ray reflected on the mirror of the 
first galvanometer was transformed vertically, while the new reflection 
on the mirror of the second galvanometer was deflected horizontally. 
The appliance described eliminates several sources of error, such as 
those duo to the coutacts being maintained at a constant temperature, 
and to the fact that being outside the furnace they ore not influenced 
by the molecular transformation that may occur in the centre of 
the bars. 

A. Sauveur * describes a perfected microscope for the examination 
of metals, termed a universal metalloscu|>e. The instrument allows of 
the examination of large as well as of small specimens with equal ease 
and accuracy, while the problem of proper support for iton and steel 
specimens of all sizes and shapes has been solved by the provision of 
au electro-magnetic stage, which can be connected with any suitable 
current supplied, and by means of which large specimens may bo 
firmly held in an accurate position. 

Crystalline Structure of Metals —C. H. Desch * describes the 
various methods adopted for the purpose of isolating and studying 
metallic crystals. Only in a few cases were the individuals thus 
obtained bounded by plane faces, and the dendritic forms, or crvstal 
skeletons, usually oltserved were not readily brought into correspond- 

* BulUtin of tEt Amtriion ImtituU of Mining Enguutn. 1911. pp. 973-979. 

» Emu it M<UaJ/nrgit, Jftmira, voL tx. pp. 133-146. 

* BulUtin of tto Amtriton ImEtHit of Mining Knginnn, 1911, pp. 961-971. 

* Paper mail IWore the Koval Philosophical Society of Glasgow, November IS. HR ; 
MtikaniiM Engtnttr, voL x»vm. p. 69U. 
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once with the geometrical laws of crystallography. The nearest 
analogies of these crystal skeletons were the forms assumed by ice 
and snow crystals and the inclusions found in certain blnst-furnnce 
slags, in pitch-stone, and other rocks. The study of crystal skeletons 
was complicated by growth in three dimensions, and in such cases as 
those of ordinary metals and alloys a suitable method of examination 
was by grinding parallel faces on a specimen, photographing a marked 
area, and grinding off successive thin layers: photographing the same 
areu after each operation. The crystallite, of which plane sections had 
been thus obtained, might now bo built up in plasticine, and an idea 
of its solid structure thus obtained. Crystallites must be considered 
as imperfect or undeveloped crystals, and they were, as a rule, charac¬ 
terised by the nhseuce of sharp angles on plane faces. The rounding of 
the stems and branches of crystallites, which was a particular feature in 
metals and alloys, was probably to be accounted for by surface tension 
effects, although the present ignorance of the surface tension constant 
of inetals made it impossible to give a quantitative explanation of the 
phenomena. The author draws attention to the peculiarity of the 
crystallisation of certain eutectic mixtures, the external form of which 
recalled tlrnt of a single pure substance. I n such “ colonies ” or pseudo- 
crystals the form was due to the dominant orientating force of one of 
the constituents, tho other behaving as a plastic filling material. 

N. J. Work, 1 in experimenting on tho solubility of carbides in iron, 
observed that martensite so|«irated in such a form as to point to the 
existence of large crystalline aggregates, a structure indicative of 
overheated or burnt material, and it appealed to be of interest to 
study tho conditions under which tho structure was obtained. Hnoci- 
umns containing O il to 1-672 per cent, of carbon and about O l iver 
cent, of manganese wore prepared and two series of experiments were 
oirrted out 1 he first consisted in examining microscopically sections 
which had been lifted to different degrees of high temperature for 
thirty minutes and quenched. In the serond series sections we.e 
etched at high temperatures by menus of dry hydrochloric acid g»s. 
The development of a polygonal structure depends largely upon the 
length of the heating period, ami a temperature limit rould not be 
foe. or .ts formation. The results, however, appear to show that 

T T “ Umt of * lom,) g e “«ous austenite solution. 
The tendency towards super-cooling in high-carbou steel- is much 
greater than ,n low-cnrbou steels, and it is therefore necessary to heat 
the ow-carbon steels to a higher point above the equilibrium tern 

quenching!' ° rd ° r ^ ^ pol - V * onal *"“*«• may persist after 

i SLJ “! ld ill ^t™tes some remarkable pine-tree 

shaped steel crystals, of a size up to 15 inches in length, which were 
found .u the pipe formed ,n tho riser of a large steel casting Some 
notes on the crystalline structure of steel are given. * 

' mi. pp . 731-737. 
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Metallography and Microstructure. — J. E. Stead 1 deals with 

mi cro- ni etallography and its practical application. 

\\ . Rosenhain 5 discusses the microstructure of steel, with special 
reference to the changes which occur during its hardening and temper¬ 
ing and the structural alterations which supervene on beatiug the 
mildest steel and even pure iron. With reference to the question as 
to whether overheated steel Can be restored by heat treatment, it is 
pointed out tlrnt on passing through the critical range on heating a 
fresh set of crystals is formed which are at fiist small, but rapidly 
increase in size. If a piece of overheated steel is reheated to a tem¬ 
perature just above the critical range and then rapidly cooled, a fine 
crystalline structure might be hoped for, but some connection exists 
between the number of crystals existing above and below the critical 
ranges, so that in certain cases a piece of steel reheated in this wav 
returns exactly to the condition from which it started. Simple heat 
refining may sometimos be successful, but its effects are uncertain. 
The influence of welding and welding temperatures on the structure 
are also considered, and the nature of slipbands is explained with 
diagrams, together with the effects of strain on microstructure, illus¬ 
trated by sectional photomicrographs. 

H. M. Howe 5 discusses the life-history of cells and grains in steel, 
and describes their mechanism. His conclusions are thus summed np : 
(l)The term “grain size” should be restricted to the size of the in¬ 
dividual islets of fomte or cemcntite, and the size of the cells bounded 
by walls of ferrite or cementite should be culled “ cell size." (2) Both 
grain size and cell size increase not only with the temperature reached 
when above the critical range, but with the length of exposure to that 
and neighbouring temperatures. (3) The visible cell structure, the 
coarse cleavage massing, the finer cleavage massing, and the break-up 
of the cell structure through spheroidising, coalescence, and the for¬ 
mation of irregular ferrite gmins, arc successive but overlapping 
stages in the evolution of the structure of steel. (4) The effect of 
high and long heating in coarsening the cell size represents the 
coarsening of the nustenite grains during that high heating, each 
such' grain being later represented by a single cell. (5) The effect 
of high and loug heating iu coarsening the ferrite grain, in increas¬ 
ing the area free from visible ferrite in the air-cooled steel, in 
lowering the critical range, in increasing the stability of the red¬ 
hardness of high-speed steel and the stability of the cellular- structure, 
in increasing t.be massing of ferrite and cementite into the octahedral 
cleavages of the austenite, and in retarding the coagulation of sorbite 
into pearlite, represent the greater perfection, efficiency, and stability 
of the crystalline organisation reached in the austenite stage; this 
stability giving the austenite structure great pseudomorphous re¬ 
straining power <ie facto, even after its existence i/e jure has ceased 
with the passage to below the transformation range. (6) The influence 
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of manganese in emphasising the cell structure is simply one aspect of 
its general retarding effect. 

(t. A- Roush 1 discusses nu investigation of c&rboti bv microscopic 
methods. Commercial products of carbon consist of small amorphous 
particles of carbon which differ in appearance from one another, the 
differences being clearly recognisable under the microscope, which 
enables the character and composition of various carbon products to 
be identified. The specimens for examination are prepared in the 
same way as specimens of metals and alloys. Petroleum coke appears 
as a porous mass, the micrustnictTire of which shows large pores inter¬ 
spersed through the finer structure of a cellular character. The typical 
feature of petroleum coke is the corrugated appennince of the surface. 
Artificial graphite has no particular characteristic structure, whereas 
natural graphite is of a tlakv appearance, which enables it to be dis¬ 
tinguished with certainty. 

In dealiug with the application of the microscope to the examination 
of metals, A. Campion * demonstrates by means of a large number of 
photomicTographic lantern slides tbe constitution of various metals, 
and shows the numerous structures and inclusions which give rise 
to defects in metals, dividing these into three groups: chemical, 
mechanical, and thermal. Of the first class examples were shown of 
fractures caused by the presence of sulphide of irun, sulphide of man 
ganesc, and silicate of iron ; while os examples of mechanical defects 
there were shown fractures caused by the inclusion of scale, by the 
segregation of carbide of iron, and by quenching. The effect* of 
heating and cooling on various rneUls are illustrated ond explained, 
together with diagrams of the solidification of metals 

A. Sauvour 3 deals with the calculation of the structural composition 
of stuel and its physical properties. 

°- describes some etching experiment* that wore made on 

crystals and plates of magnetite and of some other minerals of the 
spinel group A description and microphotographs are given of the 
resulting etched surfaces. 6 

Formation OfTrOOStite. —IX K. Iiulleus 3 summarise* the views 
of a number of observer* regarding the formation of troostite, and 
I aunts out that the general tendency of thought at the present time 
seems to bo towards Benedicks’ proposition of an ultra miciwopic 
pearlite, regarding troostite as an aggregate. There are still, bow- 
ever a large number of investigators who maintain that troostite is a 
solution o carbon or carh.de in allotropic iron. Experiments were 
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Eutcctoid. 

1J jr per* Euiectoid. 

| Carbon . 

Manganese 

Sulphur . 
Phosphorus , . 

Silicon 

Per Cent. 
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014 

UTU 

0*009 

0*14 

Per t.cnu 

148 

01ft 

0*0011 

0-009 

014 


The conclusion is arrived at, as the result of metallographic investiga- 
tion, that the masses generally known as troostite may he termed 
usinondite, and that ehnnge after segregation is so rapid that tho 
resolution of the segregated troostite takes place almost immediately, 
giving osmondite and cemontite. 

Structure of Micro constituents of SteeL — M. Oknof 1 has 
continued his investigations of the internal structure of the micro- 
constituents of steel. The method previously employed by him * was 
again adopted for the study of martensite and [>earlite—that is, a 
number of layers were removed by successive polishings from tho 
surface of the steel specimen under investigation. In the case of 
martensite the layers removed were 0015 millimetre thick, and in 
that of pearlite they had a thickness of O'Ol millimetre. An examina¬ 
tion of eighteen photomicrographs show- that martensite occurs in 
the form of flat lamellar crystals with a length equal to about seven 
times the width. Pearlite consists of narrow curved layers of cementite 
embedded in a ferrite mass. Some of the cementite layers intersect 
and verge into each other, but most of them remain parallel in the 
succe^ling layers. Tho lamellae of martensite and pearlite differ in 
size. 


Osmondite in Hypo-eutectic Steels.— J. Calian* has investi¬ 
gated the formation of osmondite in hypo-eutectic steels. The presence 
of osmondite in steel was proved by lieyn and Hauer by etching steel 
w it h alcohulic hydrochloric acid. The experiments were carried out on 
u steel containing 0*95 per cent, of carbon, then with a eutectic steel 
containing nothing hut. pearlite. In the experiments described, how¬ 
ever, t (tree hypo-eutectic open-hearth steels ami one h vper-eutectic steel 
were examined. Ihe first, three steels contained ferrite and pearlite, 
nnd the fourth cementite and pearlite. The etching was carried out 
for a period of time which was inversely proportional to the tem¬ 
perature of annealing. Photomicrographs of the results are given 
together with curves showing the solubility of tho various constituents. 
The experiments led to the following conclusions 

(1) In hypo-eutectic steels martensite undergoes, during its trans¬ 
formation into pearlite, the same states as in & eutectic steel, that 
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is to say, martensite, troostito, osmondite, sorbite, pearl ite. 
(2) Osmondite, which is an intermediary state, does not form at any 
particular temperature, but occurs between 300° and 500°. (3) The 

structure of osmondite hoe no connection with the amount of free 
celt Ivon or carbide, but depends on the arrangement of the molecules 
and the composition of the original material. It may bo explained by 
the fact that as the percentage of carbon diminishes that of corbide 
increases. 


A Fourth Recalescence Point.— J. O. Arnold,I in referring to 
the statement of W. Rosenbaiu 1 that although the discovery of the 
fourth recaleseenee in steel was announced last year, yet*a clear 
account of the double nature of Ar, is given by Osmond in his paper 
read in 1890,» points out that in Osmond’s actual curves will be found 
one of electrolytic iron which exhibits something like the two peaks 
of Ar.j, but since in this curve there are three extra critical points, 
obviously due to errors of observation, it is most probable that the 
second peak of Ar, is also dne to errors of the instrument. In four 
other curves of steel exhibited by Osmond in which the point Ar.. is 
separate, it is in every case figured as a single point. It is also 
pointed out that in the work of Carpenter* and Keeling curves of five 
mild steels are given, ,n all of which the point Ar,. is represented os a 
single point. 1 he author states that the fourth recalocence of steel 
tnir whatever with the Ar, point as suggested by 

W. Rosenhain » replies to J. O. Arnold's criticism of his lecture. 

Critical Points in Chromium SteeL—A. Tortevin• points out 
that investigation* made on chromium steels have shown that those 
containing about 0 1 per cent, of carbon and 7 to 22 per cent, of 

^ T? UMUC ' Wh,Ch WOUld “P'j ^at a transformation 
* ZTn ?ifc r pen ‘ ,u ? 011 coolin 8- The action of a special 
element ^c chronuun, may have a dual effect on the transformation 

T y ! p aC K. tLo ®8 nll ‘bnum temperatures, and it may 
modify the rate of equilibrium and, as a result, the hysteresis. In 

IkzE,ri F r ^ ^ zs?*sr£i 
” srfis t=r=. 

was spread over 75 hours. The micrortruWe of the steels and their 
behaviour under hardness tests show th,.t a * _ . 

mentof this description re^bt^L ^JT ! ** T 
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as is frequently carried out in practice confers on such steels 
the effect of quenching. It brings out the martensitic structure and 
considerably increases the hardness. 

Nature of Solid Solutions- —C. A. Edwards, 1 in continuation of 

ms previous paper, now discusses the nature of solutions in general_ 

gaseous, liquid, and solid—and points out that the phase rule in its 
present form is based on the assumption that solutions are homo¬ 
geneous, and hence cannot be used to determine the internal nature 
of a solution. 


The Artificial Crystallisation of Carbon.— 8 . M. Howell* 

criticises published accounts of the crystallisation of carbon by artificial 
means, and after referring to the experiments of Moissan, Friedel, 
Harmey, and Sir William Crookes, suggests methods for the crystallisa¬ 
tion of carbon by the decomposition of hydrocarbon liquids or of carbon 
bisulphide under pressure. The use of acetylene is also suggested. 

The Iron carbon System— A. Smits * considers that the theory 
that cementite occurs in the iron-carbon system in a metastable 
condition does not solve the problem of tho formation of cementitc at 
temperatures considerably below the eutectic temperature. By vary- 
ing the rate of cooling, graphite or cementite can be separated from 
tho liquid, from which the author assumes that both c-raentito and 
graphite are present in equilibrium. On slow cooling graphite sepa¬ 
rates out, and the liquid never becomes supersaturated as regards 
cementite. On the other hand, tho separation of graphite is pre¬ 
vented by rapid cooling, and the liquid becomes relatively super- 
satur.iU^l with ceuientito, which then separates. 

8. W. J. Smith, 4 W. White, and S. G. Barker discuss the maguetic 
transition temperature of cementite. The temperature at which 
cementite loses its ferro-magnetism is determined with sufficient 
accuracy for purposes of thermo-magnetic analysis, and examples 
aie given to show how the thermo-magnetic properties of cementite 
may be turned to account for the purpose of ascertaining whether 
that constituent is present in any iron-carbon allov. 

In a theoretical paper It. Schenck 5 discusses from the point of view 
of the phase rule and of thermodynamics numerous chemical equilibria 
involved in the manufacture of iron and steel. 


Crystallisation and Transformations in Iron containing 
over 4 per Cent, of Carbon.— N. M. von Wittorf* has ,-arried out 
an exhaustive Investigation of the thermal behaviour and micrography 
of iron-cai bon alloys, with over 4 per cent, of carbon, the main result* 
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of which ore as follows: Melts Containin': from 6-2 to 10 pel' cent, of 
carbon begin to crystallise at 2000 a -2380° 0. under separation of a 
carbide, thought to curresjHmd to FeC 2 , which is of a pnle sulphur- 
yellow colour, und gives a silvery reflection. This constituent is very 
slowly attacked by nitric acid, and if treated with very dilute copper 
sulphate solution it becomes coated with copper. The nitric acid 
attack yields a dark residue. The -amp carbide crystallises when the 
melt attains a temperature of 2600°. In cooling from 2000° to 1700°, 
the first constituent to separate out is pure ccmentite. In the tem¬ 
perature range 1650° to 1330° the melt burns, the burning being 
particularly noticeable in samples containing 7 per cent, of carbon. 
If the melt is stirred, thin tubular crystals appear on the surface, 
which, it is conjectured, may be the carbide FeC, and at a temperature 
of about 1600° these crystals take the form of long arrows with angular 
projections. Below 1 < 00° the melts always contained these arrows 
enveloped in a metallic compound rich in carbon, forming dendritic 
masses on a eutectic-like foundation. This compound is not appreci¬ 
ably etched by 4 per cunt, alcoholic picric acid solution or by dilute 
sulphuric acid if hardened at a temperature not lower than 1160’, 
but, unlike ccmentite, it is energetically attacked by 1: 4 nitric ucid. 
The quantity of this compound separating out increases fiom 0 to 
100 par cent, os the carbon concentration in the melt is increased 
from 4T to 5 per cent. In melts containing 6 or 7 per cent. of carbon 
the basic muss of metal consists of this compound and of the arrow- 
like residuum, its composition being represented bv the formula Fe 4 C. 
Below 1130° the carbide Fe.Cdecomposes into -/-solution and graphite. 
The carbides crystallising above 2000' and at 1600°-1400° decompose 
■with the separation of graphite. 


Solubility of Cementite in '/-Iron. —N. J. \v ar k ' has made 

experiments for the purjswe of determining the solubility curve of 
•y-iron for cementite. Ten samples of steel were prepared by melting 
white Swedish pig iron und horseshoe nail iron in magnesia crucibles, 
the composition of the specimens being, carbon 12 to 106 per cent, 
manganese 0 07 to O'O'J per cent., sOioon 0*03 to 0'05 per cent Thev 
were heated in a salt both and quenched in water. A microscopic 
examination of each specimen was made to ascertain the temperature 
at which cementite began to separate out, and the results, which aic 
plotted in the curve, confirm Gutowsky’s observation tliat 17 per 
cent, is the saturation point of carbon at 1130° C. 


Heat of Formation of Iron Carbide. -O. Buffs and E Gersten 

have earned out farther experiment* on the heal of formation of iron 
carbide. The method is given for the preparation of the carbide, 
which in appearance was dark grey, and consisted mainly of frag¬ 
ments of globular aggregates of needle-shaped crystals - it was very 
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brittle and could be powdered in the hand. The hardness lies between 
.1-2 and 3-3, so that it cannot itself be the cause of the hardness of 
rapidly cooled steel, which is prohably due to the solid solution of the 
carbide m y-xron : !>** = 7 396, the molecular volume being 24 34 
Tlie molecular heat of combustion determined in a (snub calorimeter 
was found to be 375-1 calories, the products of combustion being carbon 
dioxide and. ferroso-ferric oxide. The molecular heat of formation of 
feiToso- ferric oxide was found to be 265-2 calories. Pure Swedish 
iron (99-745 i«-r cent.) and iron prepared from pure ferric chloride 
wore usi-d in these experiments, allowance being mnde for the heat 
of combustion of the traces of impurities present in the Swedish iron, 
r rom tlie molecular heats of formation of ferraso-ferric oxide and of 
carbon dioxide (from graphite-= 94 8 calories), and from the molecular 
heat, of combustion of iron carbide to ferroso-ferric oxide and carbon 
dioxide, the heat of formation of iron carbide (Fe.C) is found to be 
- 15-1 calories. 


Transformation of Carbon into Graphite —W. 0. Arsem 1 gives 
the results of his investigation undertaken with a view to ascertaining 
whether a pure form of carbon can lie transformed into graphite bv 
simply heating to a high temperature, and, if not, whether it is possible 
to cause this transformation by heating the carl ion, well mixed with 
a quantity of mineral matter insufficient to form carbides, with all 
the carbon present. 


Iron. Nickel, and Copper Alloy. —A new white, non-corrosive, 
and malleable alloy of iron, nickel, and copper has been patented by 
, “• Uliuner, Pure copper and iron will alloy in all proportions and 

lorm a homogeneous mixture; but when carbon is present, as it is in 
steel or cast iron, the two metals do not alloy well, hard nodules separ¬ 
ating according to the amount of carbon. In the alloy described it 
IS stated that the tensile strength is increased if carbon is present in 
an amount not exceeding 0-2 per cent. The strength of the allov is 
high, a mixture of iron 65 per cent., nickel 25 j>er cent., copper 10 
per cent., and carbon 0 2 per cent., having the following physical 
properties ^ tensile strength, 96,100 lbs. per square inch; elastic 
limit, al,<50 l be. per square inch.; elongation in 2 inches, 42 per 
cent.; reduction in area. 537 per cent. ’ 


Alloys in Construction of Automobiles. —H. Souther* gives 
the composition and specific gi-avities of the moat useful aluminium 
alloys in automobile construction. 


Ferro magnetic Compounds of Manganese —S. Hilpert 4 and 

T. Diec km aim state that manganese forms ferro- magnetic compounds 
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with phosphorus, arsenic, antimony, and bistnuth. On heating, the 
mugnetisability disappears within a short range of tem[ternture, re¬ 
appearing on cooling. The critical range of temperature varies with 
the compound, and rises on passing from phosphorus to bismuth. The 
phosphide was prepared by heating pure manganese prepared from the 
electrolytic amalgam with red phosphorus in a sealed tube to 600° G. 
After extracting the product with dilute hydrochloric ncid an in¬ 
soluble residue was left. This may be obtained containing 36’1 per 
cent, of phosphorus (MnP) or higher percentages up to nearly that 
corresponding to MnP,. The critical temperature (18° to 26° C.) does 
not vary with the phosphorus content, but the magneUsability is 
smaller in the specimens containing a higher percentage of phosphorus. 
The arsenide has a critical temperature of 40' to 45° C.: while the 
autimonide and bismuthide have critical temperatures of 320° to 330° C. 
and 360° to 380° C. respectively. 

Arsenides of Iron and Manganese — 8. Hilpert' and T. Piwk- 
m arm describe a method of producing metallic arsenides by heating 
powdei-ed metallic manganese or iron with excess of arsenic in a 
sealed Jena glass tuhe to 600° to 700° C. for about six hours. The 
arsenides so formed can be easily separated mechanically in a state of 
purity. 

Rate of Diffusion of Hydrogen in Steel.— G. Charpy s and S. 
Bonnerot have measured the rate of diffusion of hydrogen into thin- 
walled steel cylinders at different temperatures, and find that whilst 
practically no diffusion occurs under atmospheric pressure below 325°, 
osmosis is perceptible at 350 , and is about forty times as rapid at 
850°. Nascent hydrogen acquires special chemical activity in diffus¬ 
ing through irou and steel at ordinary temperatures. On" placing » 
steel cylinder in acid, or making it the cathode in a solution of sodium 
hydroxide, hydrogen diffused through the interior of the cylinder, 
but if the surface from which the hydrogen was liberated was placed 
a few millimetres from the cylinder the diffusion did not take place. 
The thickness of the walls, the nature of the metal, and also the 
interior pressure cause a variation in the rate of diffusion. It is 
shown by preliminary experiments that diffusion is not inhibited by 
a pressure of 14 atmospheres. 

Solubility of Hydrogen in Copper. Iron, and Nickel—A 

Sieverta 3 gives the results of his investigations on the solubility of 
hydrogen in copper, iron, and nickel, which he has determined for 
pressures up to 11 atmospheres, and at intervals of temperature from 
400° to 1600°. At constant temperature the solubility in solid and 
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wf* 1 ‘fn’*' 8 «• P ro P ortio,ml to the square root of the pressure, but 
below 101) millimetres pressure the amount of hydrogen taken up 
diminishes rather more rapidly with the pressure than the above 
rule would indicate. Solubility increases with the temperature 
at constant pressure, and also increases suddenly when the metal 
melts All three metals give up hydrogen accompanied bv “ spitting " 
when they solidify in an atmosphere of gas. At the respective melt¬ 
ing points copper gives up 2 volumes, iron 7 volumes, and nickel 12 
volumes of the gas. 

Composition of Raw Metal for Tinplate.-J. Ln*«kowski 1 dis¬ 
cusses the chemical composition of the raw materials used in the 
manufacture of tinplate. As a rule the final product should contain 
a fairly high percentage of phosphorus. It is pointed out that if the 
charges ure poor in phosphorus good results may yet be obtained by 
the use of ferro-ailicon. 

Heat Formation of Silicates —D. TscbemobaefT 2 and L. Wolog 
dine have studied the heat of formation of various silicates uni 
aluminosilicates, by buruiug mixtures of the substance under investi¬ 
gation with wool charcoal iu a Mahler’s calorimetric ls>mb, and finding 
the difference between the quantity of heat disengaged by burning the 
carbon and the ohserved quantity. The results were as'follows : — 

Per Cent. 

SiQ|-t-CaO = +17-4 
SiOj+aCaO = +»7 
SSO,. ALOj-t-SCaO = +60-2 
2S»0„ A1 J 0,+SC«0 = f38-3 

SiOji-AljO, = -12-0 

Thus the beat of formation of anhydrous kaolin, 2SiO ,A1„0 is 
negative. “ 5 11 


Properties of Tungsten and Molybdenum. — W. D. Coolidgo 8 

describes several possible applications of wrought tungsten and molyb¬ 
denum. Wires of those metals ore cheaper than, and far superior 
to, platinum as a winding for electric furnaces, and when used upon 
an alundum body, higher temperatures can be obtained than with 
platinum. Tungsten and molybdemuu appear eminently suitable for 
electrical contact devices, owing to their high melting po’int, heat con¬ 
ductivity, and hardness. 


Properties of Vanadium —According to O. Ruff * and W Martin 
vanadium trioxide, melting at 2000°, gives better results in the pre¬ 
paration of pure vanadium than the pentoxide, on account of the 
rea.ly fusibility of the latter, which causes it to pus* into the slag. 
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Vanadium trioxide. prepared by reducing the pentoxide in hydrogen 
below 550°, is mixed with aluminium and 2 per cent, of powdered 
carbon, and pressed into a crucible lined with magnesia. After adding 
a layer of ignition mixture, the crucible is covered and heated to 
redness. The product contains 95 per cent, of vanadium. 

A less pure product is obtained by reduction with carbon in an arc. 
By moulding mixtures of the trioxide and carbon with starch into 
rods, sintering in an electric furnace at 1750°, and finally fusing in an 
arc, products containing 95 to 97 per cent, of vanadium are obtained. 
The impurity consists of carbon or oxygen, according to the propor¬ 
tions employed. 

The melting points of different specimens of vanadium have been 
determined by beating in an electric vacunm furnace. Either oxygen 
or carbon raises the melting poiut of vanadium, and by extrapolating 
the two curves obtained from mixtures containing varying quantities 
of carbon and of oxygen, pure vanadium is found to melt at 1715°. 
The raising of the melting point is due to the formation of solid solu¬ 
tions with the oxide VO and the carbide. The density is also found 
by extrapolation, being lowered by impurities. The pure metal baa 
D i, 7 5-688. The heat of combustion of 1 gramme of the pentoxide is 
245$ calories. 

Temperature of Formation of Titanium Dioxide.—W. G. 

Mixter 1 has redetermined the heat of formation of titanium dioxide 
by combustion of the finely divided metal in oxygen. The most trust¬ 
worthy observations give Ti + O, = TiO, (crystalline) + 2184 calories. 
This is about 1 '1 per cent, higher than the value obtained previously 
by the sodium peroxide method. Both values are in complete dis¬ 
agreement with that given by L. Weiss* and H. Kaiser, which is only 
97-77 calories. 


Duraluminium. —The properties of the alloy,* known as duralumi¬ 
nium, are described. Its composition is:— 

.. , ._ Per Cent. 

Aluminium... 

gW**. . 

Manganese.0-5-0A 

Magnesia.. 

This alloy is three times as hard as pure aluminium. Its modulus of 
elasticity is 700 kilogrammes per square centimetre. It melts at 
650°, and it iB more refractory than pure aluminium to the action of 
chemical reagents. 


Melting Points Of MetnlB- -The results of an investigation* 
carried out at the University of Wisconsin show that the melting 
point of tungsten is 3002° 0., and of tantalum 2798° C. f these values 
being somewhat different from the generally accepted ones. The 


* A rurican fttUnta!ef Sdtircr, rot. xxxiii. 

* Ztitickrift f Ur antrganiuk* Cktmit, vol. 

* Inmitn Eintriatu, vol. xxvi. p. 53 . 

» A/or tricot H'trU; Euftnrtr, roL cxili. p, 335 , 


Pp. 46-4R 
I*v. pp. MfM 02 . 
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measurements were taken with great care, using the optical pyro¬ 
meter, and a direct-vision prism giving monochromatic light. 

K. Burgess 1 gives a table summarising the most recent determina¬ 
tions of the melting points of elements. This gives the following 
values:— ° 


Manganese 
Silicon 
Nickel 
Cobalt , 
Chromium. 
Iron . 
Vanadium . 

Titanium . 

Molybdenum 
Tungsten . 
CarUjni 


125 + 15 
142)+ 15 
1450 + 10 
1490 ~ 
1506* *15 
1520* 15 
1730+30 
2200 to 2400? 
1800 to I860? 
2500? 
3000*100 
unknown. 


Ferro silicon Explosions. — A. von (Jumberz* gives a short 
account of two explosions, occurring in April and September 1911, 
with ferro-silicon at the Bismarck Ironworks. Several of the con¬ 
tributors to the discussion attributed the explosions to the presence of 
moisture in the ladle. 


Corrosion of Iron. —6. J. Burrows* and C. E. Fawsitt deal with 
the corrosion of steel in water. The authors believe that the forma¬ 
tion of a ferrous compound in the first stage of rusting follows the 
equation SFe+O l +2H i O-2Fe(OHj l . 

It does not appear likely that the oxygen and water together act 
simultaneously on the iron. It is more probable that the iron first 
dissolves to a vety- limited extent in the water. It is known to be 
capable of dissolving to a small exteut in water as ferrous iron, dis¬ 
placing at the same time an equivalent quantity of hydrogen. The 
hydrogen, in the absence of free oxygen, polarises th*e iron surface, 
and the function of the oxygen is to remove the layer of polarising 
hydrogen. According to this view, iron should dissolve faster if it be 
in contact with a more electro-negative metal like platinum, for then 
the hydrogen would tend to collect more on the platinum plate than 
on the iron one. The acceleration of eurroxion caused by contact with 
platinum is shown in the following table: — 


Weight at Lem of Weight Lost of Weight 
blurt. after 17 Days alter 35 Day*. 


Steel . 

Steel with platinum 
Steel . 

Steel with platinum 


. •ET!" ‘ "*"«■*'* tfSeimttt, »oL * p. 16 , 

* Stahl uad Rum, vol. xxxii. pp. 267 -rfn. ^ 

* Journal of Me Ray<U Soaiity of Nru, South WoUj, toL xlv. pp. 07-75. 


Grammes. 

64-553 

64- 619 

65- 371 

63-383 


Grammes. 

o-m 

0185 


Grammes. 

0-288 

0-326 

0-273 

0 303 
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The steel strips had the following composition: Carbon 0’35, 
manganese 0 61, phosphorus 0-06. silicon 0 01, sulphur 0 01 per cent. 
They were fully immersed in unstirred distilled water. In all the ex¬ 
periments, those in any series were placed together in one part of a 
room- The temperature of the experiments wns the temperature of the 
room, and therefore was not constant, but varied in the same manner 
for each individual test in any series. The corrosion was determined 
by removing the steel after an appropriate time, scrubbing the surface 
well with a brush, drying and weighing. Corrosion is then expressed 
ns loss of weight. The authors also discuss the influence of composition 
and of the magnetic condition of steel on its corrosion. Experiments 
were also conducted primarily with the object of testing the action of 
some artesian bore waters on steel. It has been supposed for some 
time that tho bore waters in the Coonamble district have an extra 
corrosive effect on steel or iron castings. These experiments show— 
(1) that the bore waters tested are not noticeably more corrosive 
than distilled water, (2) tlmt moderate stirriug of the solution bus 
an accelerative effect on the rusting process, (3) that the initial rate 
of corrosion does not stand in any simple relation to the rate which 
sets in after some time has elapsed. 

T. Turner 1 in his presidential address to the Metallurgical Society 
of the Birmingham University, states that cxjieriments on corrosion, 
conducted at the University, show that when cast iron is attacked by 
weak acids the iron is first dissolved; the carbides and phosphides 
offering better resistance. With alkaline corrosion, on the other 
hand, the impurities were first dissolved, and the pure iron remained 
till last. 

A curious case of the failure of a screwed bolt-stay in the boiler of 
tho steam trowler Clyne Cattle is reported.- The stay, which wns 1J 
inches in diameter, together with the plate through which it passed, 
which was 1 n '.. inches thick, was eaten almost away as if by the action 
of some powerful ncid, with the result that the outside head was left 
so slightly attached that it whs blown off at the ordinary working 
pressure of 180 lbs. No sign of corrosion was visible elsewhere in 
the boiler, and there was nothing in its construction or working 
which could suggest any explanation of the severity and local 
character of the wasting. At the inquiry that was held all possible 
explanations were examined, but none afforded a clue to the severe 
isolated patch of corrosion covered by a radius slightly less than 
3 inches from the ceutre of the stay. 

H. Pilkington* compares wrought iron and basic mild steel a* 
reganls corrosion, mechanical structure, strength, and the mechanical 
tests involved. 


Corrosion Of Iron Pipes —The corrosion of iron and Other 
metallic pipes is considered, 4 and numerous clear photographs are 

• Mechanical Engineer, vr,l. rxviii. p 579. 

« Hoard of Trade Refart. No. 20Of!. Mechanical Engineer. to! xxxuU p. 701. 

» Journal of Ike II eat of .5. atland Iron and Steel Inrtitnte, vol. »i. pp. 345-2W. 

• Stahl umd Siren, vol. xxxi. pp. 14S&-1493. 
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shown illustrating special cases of corrosion. It is pointed out that 
weakness and corrosion may result from internal and external causes. 
To the former belong such factors as inequality and chemical activity 
of the material composing the pipes, existence of stresses, and paro- 
sitv. Amongst, the external causes are giouped the mechanical and 
chemical action of the surroundings, such as, for example, the pressure, 
temperature, and chemical activity of the water, soil, or air. Elec¬ 
tric ami galvanic forces are porticulat ly severe, the latter leading to 
the conversion of cast iron into s mass of graphito, by removal of the 
irou, which mass retains the original shape, but none of the strength, 
of the casting. The consequences are thus liable to prove very 
serious, inasmuch as the corrosion is not cajiuble of immediate 
detection. 

A case of the corrosion 1 of a wrougbt-iron steam pipe and cast-iron 
valves of a boiler plant have been traced to the use of soda in the 
feed-water as a scale softener. It was found on examination that 
the dry steam pipes had been strongly corroded, while the wet steam 
pipes were in good condition. It was evidont that soda |>artieles 
had been carried by the steam, and had dried on the dry pipes, 
thus forming a white incrustation; while the wet steam had pre¬ 
vented the formation of a solid deposit. Soda dissociates into 
caustic soda and carbonic acid at high pressure and temperature, 
and it is known that in the presence of water and oxygen car bonio 
acid attacks iron. It is farther known from the recent researches of 
Heyn and Bauer that diluted caustic soda corrodes iron. 

F. N. hpeller* discusses the influence of the method of manufac¬ 
ture on corrosion of Boft steel tubes, and gives a table of comparisons 
of the corrosion of boiler tube materials in aerated water and 
sulphuric acid. 

Electrolytic Corrosion. —J. L. It. Hayden * has studied the 
problem of corrosion produced by stiay currents in tire ground, and 
some preliminary results of an investigation of the corrosion of iron 
under the influence of an electric current urn given. A 1 per cent, 
solution of ammonium nitrate was first used as the electrolyte, as 
nitrates and nmmottia. salts are the most probable conducting com¬ 
pounds in soils, especially in cities. As the electrolytic corrosion 
of the iron was found to be much lower titan tire theoretical value, 
tests wero made to see whether this was due to a partial corrosion 
or to periods in which no corrosion took place. The results indicate 
that there is no partial corrosion, but that the iron is either passive, 
that is, practically no corrosion takes place, or active, that is, full 
theoretical corrosion occurs. Fractional values of the theoretical 
corrosion are observed only where the cell has been operated con¬ 
tinuously for a considerable time, and apparently bad started activo 
and become passive. In the experiments described the active state 

■ " Vulcan," F.ntinrtr, vol. cxitl. p Sul. 

* fenrnul jf IM* So. nty Cktmixmi industry. vuL lax. pp. 3fiS-366. 

* Atnrnal .•/l!u Franklin Institute. voL dxiii. pp. St-301 
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occurred eight time*, the passive state ten times, and three times 
the corrosion was intermediate between the two states. Other 
electrolytes were investigated, those of special interest being potas¬ 
sium nitrate, ammonium nitrate, and ammonium carbonate. All 
three give a corrosion which is appreciable, hut only 25 to 38 per 
cent, of the theoretical, and all three show a sudden voltage rise 
during the run. It is thus Miie to assume that with these electro¬ 
lytes the cells start active, but become passive during the earlier part 
of the run. 

G. K. White 1 has studied the electrolytic corrosion of tine, copper, 
nickel, tin, iron, and cadmium, when these metals are made anodes 
in solutions of sodium chloride, sulphate, nitrate, acetate, and tartrate, 
containing 75 grammes of salt per litre. The metals corroded to 
different extents in different solutions, although the same metal often 
corroded to the same extent in two and sometimes in three electro¬ 
lytes. The corrosion in some cases corresponded very closely with the 
theoretical amount calculated from the current, but it was often very 
much less, and occasionally very much greater. When the corrosion 
was very much loss than the theoretical, it was found that further 
action was prevented by tho formation of a hydroxide or oxide film 
on the anode. In some cases the formation of this film could be 
detected by a marked increase in the resistance of the circuit. 
When corrosion was greater than tho theoretical quantity, the 
excess was not found to be due to loss of metal by mechanical dis¬ 
integration. In such cases it is probable that the metal went into 
solution in a subvalcnt form. 

Corrosion of Iron in Contact with Slag— E. Uevn* and 0. 
Bauer have carried out a series of experiments to determine the suscep¬ 
tibility of low.carbon steel to rust attack when in contact with blast¬ 
furnace slag. This latter material is now often used for the packing 
of steel sleepers on railways in certain industrial districts in Germany, 
and it is therefore of importance to discover whether the sulphide 
sulphur always present in slag does not become oxidised by exposure 
to the weather to sulphuric acid and seriously attack the metal in 
contact with it. A number of experiments were made with strips of 
bright steel placed in jars containing a definite weight of slag 
moistened with distilled water. Four sorts of slag were used, the 
sulphate of lime contained varying from 3 96 to 6*68 per cent. 
The steel strips contained — carbon 0 04, silicon 0 01, manganese 
0-59, phosphorus 0034, sulphur 0 025, copper 0*16 per cent 
For comparison, some of the strips were also placed in jars con¬ 
taining ordinary gravel, and were moistened in the same way with 
distilled water. The weight of each strip averaged about 9 5 
grammes. At the end of twenty-two days the strips in contact 
with the slag, in one of the series of experiments, wore all strongly 

> Journal of Physical Chomiatry, voL xv. pp. 723-702. 

* UitUiluHgtn am itm kgl. .UattrioJfnifmtfuimt, ml. rax. pp. 4M-401. 
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corroded, the loss in weight amounting to O'1289 gramme in the ease 
of the least attacked specimen, to O' 1458 gramme in the most strongly 
attacked. The specimen in contact with gravel in the suae time lost 
0*0297 gramme. 

Corrosion of Iron in Concrete. —E. Donuth 1 states that experi¬ 
ment* do not confirm Hnhland's view that the active agent in the 
removal of rust from iron in reinforced concrete is calcium hydrogen 
carbonate. Only that part of the ferric iron which is in combination 
with ferrous oxide is converted into calcium ferrito. 

P. Rohlnnd 3 replies to Donath'a criticisms. 

Passivity Of Iron. -In continuation of their previous work, 
W. R. Dunatau 5 and J. It. Hill liuve investigated tho cause of 
the inhibiting effect of certain substances, such a» alkalis and 

C ‘ Fcvsium dichromate, on the rusting of iron and other metals. It 
been found that this effect is in all cases the result of the 
establishment of a passive condition of the iron. The effect persists 
long after the metal has been removed from the inhibiting solution 
and carefully washed with water. The passivity is more or less 
rapidly destroyed by contact of the iron with certain salts or dilute 
acids, including carbonic acid. It is pointed out that the facts now 
recorded invalidate many of the results recently quoted in support of 
the carbonic acid theory of rusting, and further evidence is produced 
in favour of the conclusion maintained in previous papers, that the 
presence of carbonic acid is not essential to the rusting process. 
Results of experiments are recorded, showing that the electrolytic 
theory of rusting cannot be maintained, and it is also shown that 
other metals besides iron exhibit the phenomena of rusting, and are 
also capable of assuming tho passive state. 

W . K- Duns tan 4 and J. R. Hill find that the passive state of iron is 
induced by solutions, in many cases by dilute solutions of a number of 
salts, such as potassium dichromate, chromate, ioilate, chlorate, ferro- 
cvnnide, and also by alkalis and alkaline salts, anti that, besides iron 
and metals of the iron group, other metals, including magnesium, 
lead, sine, and copper, are also capable of assuming the passive state 
under the same conditions. In addition to being destroyed bv contact 
with certain salts and dilute acids, passivity can be removed by 
scratching or brushing the surface of the passive metal, as well as by 
other meclianieal means. The evidence obtained points strongly to 
the conclusion that passivity is the result of the formation of a film 
on tho surface of the metal. The results of experiments show that this 
film probably does not consist of “ physically " altered metal or of a 
gas film. The passivity of iron is destroyed by heating in a vacuum 

• Ztitukrift fUr angecMniU Cktmit, to!. xnv. pp. 2356 2356. 

» 1HJ.. p. 2356. 

1 Tramai tum ef the Chemital Satiety, vol. xcii. pp, 1836-1863. 

4 IHd., pp. 1863-1866. 
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to 400°, and disappears when passive iron is heated in hydrogen to 
240—250 . at which temperature it is known that magnetic oxide of 
iron is reducible by hydrogen. The observed facts point to the con¬ 
clusion that " passivity is probably the result of the formation of a 
solid tilm of oxide on the surface of'the metal. It has not, however, 
been hitherto recognised that certain metals, and especially iron, are 
capable of oxidation through cold dilute alkaline solutions. 

In discussing the passivity of metals, E. Grave' states that there 
are serious objections to the oxide theory of passivity and to the 
suggestion that the passive and active metals have different valence. 
The author considers that Lh Blanc’s theory is the only one that is in 
accordance with facts. Le Blanc has pointed out that the solution 
pressure of iron in the passive state is much smaller than that in the 
active state, and on this basis there are two possibilities: (1) either 
pure iion is the active form and a negative catalyst is produced which 
renders it. passive, or (3) pure iron is the passive form and is rendered 
^votive by riome positive catalyst. which greatly increases it* solution 
pressure. The results of the author's investigations, which are given, 
lend support to the latter view, the positive catalyst being H' ions. 

II. u. Byers and M. Danin have shown that when iron is used as 
an anode in venous electrolytes the current density required to pro¬ 
duce the passive state is increased when the anode is placed in a 
magnetic held, and H. G. Byers* and A. P. Morgan have now found 
that the same u true in the ease of nickel. Magnetised steel is more 
dithcult to render passive than steel which has not been magnetised, 

. soft steel is affected to n greater extent than hard steeL The 
positive pole of the magnets is rendeied passive more easily than the 
negative pole. * 


J. Newton Friend 1 shows that even compact forms of iron are 
porous, so that when the metal is immersed in certain solutions the 
latter are absorbed to a minute extent. The passivity induced by 
immersion of iron in alkaline solutions, such as those of pota.-siuii 
and sodium hydroxides, is due to absorption of minute quantities of 
these substances within the pores of the metal. The pL.vitv mar 
be retained for long periods if the metal is kept dry since the alkal'i 
afl! U I* 81 * 11 ”' J f | t le softk «l «n water for several davs 

tbLt t r d Jt now lo «» ite passivity, whilst 

. W th ! r Mhin ^- An explanation is thus to 

ban 1 of the difficulty experienced by painters in removing all traces of 
acid from iron after pickling before applying the protective coatings. 


? 0f Ir0n , and Steel. —M. A. Meade* describes . 
system of “ sand-spraying min or steel in order to prevent corrosion. 
A thin coating of silver sand is sprayed on to the paint while the 

: ft**, 

* Hid.. voL unit. jtp. 1757-i7ai ‘ t * y ' Tol ‘ PP- 750-iW- 
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latter is wet.. The paint is allowed to dry, another coat is then 
applied, and this is also sprayed with sand Finally, a third coat of 
paint is put on, but sand is not sprayed on to this. When the whole 
has thoroughly dried, the sand combines with the paint and form* a 
hard shell, which is able to withstand attacks of rust-producing agents. 
The apparat us for spraying the sand consists of a pair of bellows, a tin 
sand reservoir, and a small gas cock. The pipe from the reservoir 
leads into the blowpipe of the bellows, and n fan-shaped “ spreader " 
is fitted to the bottom of the blowpipe. At the base of the reservoir 
is placed a gauze, which prevents the possibility of small lumps stop¬ 
ping up the feed-pipe; and to the underside of the reservoir lid is 
fitted a small flap-valve, which prevents the sand from being blown 
out at the top during the operation of spraying. It is recommended 
that the article to be treated should be thoroughly scraped and 
brushed with a wire brush, and a coat, of red lead paint applied, 
without the sand spray, before the painting as suggested is commenced. 

K. Liebreich 1 and F. Spitzer have carried out experiments with 
various iron varnishes with a view to ascertaining the influence of 
painting on the rusting of iron, and they find that one coat of varnish 
or paint may protect the iron, but that the application of several 
coats will actually promote rusting. Highly polished sheet-iron was 
coated with various paints, consisting of linseed oil and some oxide 
(lead, zinc, iron), sometimes further mixed with curbon ; the addition 
of curbon made no difference in their behaviour. These sheets were 
suspended over boiling water for four days and nights. Half the 
surface of the iron wa> then bared of its coating with the aid of 
toluene, and the bore surface covered with vaseline to prevent any 
further rusting. In all cases except one the iron bad remained bright 
when one coat had been applied, but had rusted under two coats, and 
distinctly rusted still more under three or four coats of the some 
paint. Some commercial [mint* gave the same results. Potential 
differences were observed between iron wires coated with the paints 
in question and the bare iron wire, when both wires were dip|»ed in 
salt solution. 


Galvanising Iron and Steel. —A. Saug - deals exhaustively with 
the galvanising of iron and steel. He commences by pointing out the 
advantages of zinc as a protective covering. Its principal competitor 
is tin, and, as the melting point is lower than that of zinc, its applica¬ 
tion to iron by heating processes, that is to say by dipping into the 
molten metal, requires a lower expenditure of fuel. The oxidation of 
the surface of the metal is leas pronounced, and the coating is more 
brilliant and nicer looking than zinc, while, when used for cooking 
utensils, the salts of tin which mav be formed are less injurious than 
the products of zinc. But in spite of these advantages, its high price, 
and the inadequacy of the protection it affords, lead to preference for 

1 Xtitieknft fUr Eltktrx ktmie, vol. xviii. pp. 94-99. 

* &nm it Wtallurgit, Mimnrti, voL «. pp. 1-31, 78-111, 160-186, 275-29S. 
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zinc, taking the relative prices of tin and zinc and the differences 
of density of the two metals, a coating of equivalent thickness is 7‘3 
times more protective when zinc is used than when tin is em¬ 
ployed. Nickel, the price of which is about 3f» per cent, higher than 
that of tin, can only be used in extreme cases where expense need not 
be considered. Copper and brass give rise to toxic products, and 
afford no protection against galvanic action. Lead can only be 
employed to a limited extent, as its adhesion to iron is poor. It 
offers no protection against galvanic action, but rather accelerates it, 
and it wears off rapidly. Coating iron and steel electrolytically by 
means of aluminium, although a British patent date* from 1855, is 
hardly n practical proposition. The Schumann process was employed 
some years ago to cover 500 tous of castings in the city of Phila¬ 
delphia. In this case tho iron was first coated with electrolytic copper, 
but subsequently by a layer of an alloy of tin and aluminium, but the 
actual coating consisted mainly of tin. The experiment gave bad 
results, as the coating peeled off and the iron rusted rapidly. The 
adhesion of pure aluminium to iron is very poor. The advantages of 
zinc ore considered in respect to its adhesive properties, the uniformity 
of the coating, the absence of discontinuity, its resistance to corrosive 
agents and to wear, and its flexibility.’ The permanence of the 
adhesion depends on the difference between the coefficients of dilata- 
tion of the two metals. Electric processes are much superior to hot 
dipping in securing uniform thickness, but from the point of view of 
pinboling and discontinuity, electrolytic detritions are inferior to hot 
dipping. Although zinc is a soft metal like tin, it becomes hard after 
being applied to iron, this hardening being due to the absorption of 
the iron, which may reach as much as 8 per cent. To this extent it 
loses its flexibility, and special precautions are uecessarv when it is 
required that the galvanised material should lie folded’ A badly 
adhering coat of zinc highly charged with iron is one of the worst 
coverings that can be employed. The theory and practice of galvanisa¬ 
tion are discussed at length, with special reference to the holds of 
steamers and of boiler-plates. Tho origin, sources, and physical and 
chemical properties aro then considered in detail, and the influence 
of corrosive agents are fully described under the headings of atmos¬ 
pheric corrosion, corrosion in soft water, corrosion in sea water and in 
saline and alkaline solutions. The earliest experiments in galvanising 
iron by means of molten metal were carried out by a French chemist, 
Malania, whose experiments in 1741 formed the basis of a report to 
the Royal Academy in the following year. He employed a bath of 
molten metal, and claim,<1 that iron thus treated lasted longer and 
better than it did without such protection. Subsequently experi¬ 
ment were made, both in France and in other countries. In’England 
and in America it has become a habit to regard the English patent 
granted in April 1837 to H. W. Craufurd as the earliest patent relat¬ 
ing to hot galvanising, but this elaim cannot be substantiated. 
Although the sherardiring of iron is a comparatively recent pro¬ 
cess, the method of coating iron by cementation and heating in 
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rino powders was known os fur back as 1838. An English patent 
was granted in that year to Miles Berry for n somewhat similar 
method of coating copper with zinc. The choice of a method 
of galvanising is next considered, and the baths, furnaces, and 
methods of heating are described and illustrated. The subject is 
dealt with under the following heads: Preparation of the surfaces 
to be covered; composition of the bath; constitution of the cinders 
and mattes, management of the bath, use of fluxes; nature nnd 
appearance of the deposit; galvanising of sheets and of hollow 
articles; and the gnlvanisiug of wire, strips, thin sheets, and wire 
trellises. 

The theory and meelmnism of electrolysis are next considered, and 
the practical rules deduced from the theoretical considerations are 
given in detail. Illustrations are supplied of the electrical apparatus 
employed, and the machinery used in the electro-galvanising of tubes, 
wire, and small objects. 

Shenmlising is next described, and in ibis connection the physical 
state, chemical composition, production and redistillution of the sine 
dusts are considered. The theory of the cementation of zinc and the 
influence of tho electromotive force of contact are considered, and the 
practical details of sherardising, together with the plant and materials 
employed, ore described. 

A. Sang 1 2 discusses the same subject elsewhere. 

_ The Lohinanni'ing process is described and illustrated. 3 It is 
similar to the old hot galvanising process, the chief difference being 
that instead of the muriatic bath, a spelter Imth is employed. The 
material is first pickled in a bath of sulphuric acid and then dipped 
into the Lohmann bath, which, being composed of an acid and an 
amalgamated suit, further cleanses the pores and cavities, and deposits 
metallic salt upon the entire surface, the salt penetrating into the most 
minute pores and cavities. The bath is a solution of hydrochloric acid, 
bichloride of mercury, and sal-ammoniac. After drying, the materinls 
are immersed in the molten protective alloy, and an amalgam or 
chemical union is thus formed between the amalgamating salt and the 
protective alloy. The junction between the iron and steel and the 
protective alloy is not only maintained chemically pure and free from 
oxides, but is mechanically intimate, it is possible to use zinc as a 
coating; or when extreme pliability is not needed, and a bright appear¬ 
ance is desired, an alloy of 10 parts of lead, 1 part of zinc, and 1 port 
of tin may usefully be employed. 

It is stated a that for rapid and efficacious removal of rust or scale 
from iron and steel, pickling with muriatic add diluted with water 
should be used in the following proportions; Water, 1 gallon; 22° 
muriatic acid, I gallon. If slightly warmed the pickle works more 
rapidly than when cold. 

1 Paper read before the American Kkctro-Cheinical Society ; Iron TraJe Kevin*, vt>L 
xlix. pp. 876-4*77- 

2 Metallurprol jn,i CJkemaul Engx+ttnHg. voL k. pp. 353-254. 

* Br&u World. ProcticaJ Engineer, toL xlir. p. 365. 
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P. 8. Brown 1 discusses recent progress in the presorvatiou of iron 
and steel. 

The Schoop Method of Coating Metals. — F. Loppe 1 gives an 
account of the application of the Schoop method of coating surfaces 
with metal. 1 he method consists of projecting the powdered metal in 
the form of a high-speed current on to the object* to be plated. The 
deposit ran either be made to adhere to the object, or it may be made 
so as to be detachable and to serve as a mould. 

1 Metal Industry, vol. X. pp. 23-21. 

5 Rnnu dt Metallurgy, Mi meins, vol. ix. pp. 269-27I. 
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I .— ANALYSIS OF IRON AND STEEL. 

Estimation of Carbon. — A. Kayl 1 gives a method for the rapid 
determination of carbon in steels, brass, and other iron alloys. 

Do Nolly * also gives a method for the determination of total carbon 
in iron, steel, brass, and ferro alloys. 

Estimation of Carbon in Iron and Steel in the Electric 

Furnace —H. Augustin* describes a process for the estimation of 
carbon in iron and steel in the electric furnace. The process is 
similar to that described by Lorenx, but the sprinkling over of the iron 
with lead chromate cannot be recommended. It is, however, abso¬ 
lutely necessary to use copper oxide in the front part of the porcelain 
combustion tube in order to ensure complete oxidation of the carbon. 
The author also describes and illustrates an electric furnace in which 
it is possible to heat the iron at 1000° and the copper-oxide layer at 
800°. The combustion is carried out in a current of purified oxygen, 
and after passing through drying-tubes containing sulphuric acid the 
carbon dioxide is absorbed in the usual soda-lime tubes. 

Estimation of.Oxygen. — A.S. Cushman 4 states that three im¬ 
portant method* of estimating oxygen in steel are: (1) Heating the 
sample in a stream of dry chlorine; (2) dissolving in special aolvents. 
such as copper sulphate or bromine; (3) combustion in a stream of 
hydrogen. The hydrogen is generated from drillings of pure iron or 
“ mossy " line with dilute hydrochloric acid, and is passed successively 

* Chi mi tt. voL Hi. pp. 4—JV. 

» Ibid., p. 2G. 

» 7.eits<hriftfur Chemie. rot. xxiv. pp. lSHO-lgm 

* Journal of Industrial and Engineering Chemistry, vol. Ui. pp. 372-374. 
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through potassium hydroxide solution, concentrated sulphuric acid, 
over a roll of platinum gauze in a strongly-heated silica tube, and 
finally over phosphoric oxide. The finely divided borings (20 to 30 
grammes) are weighed into a platinum (or silica) Ust introduced into 
the silica combustion tube, and after jvissing hydrogen through until 
all air has been removed the tube is rapidly heated to about 850°, and 
maintained at this temperature about thirty minutes, whilst the puri¬ 
fied dry hydrogen passes at a rate of about'lOO cubic centimetres per 
minute. The apparatus is then cooled in the stream of gas, and the 
fared absorption tube, which is charged with phosphoric oxide, is 
rt?w*‘ighed. A l>1 -ink is first made to enable the necessary corrections 
to be made. 


Estimation of Phosphorus --C. Reiehard 1 states that in the 
estimation of phosphorus in iron and steel it is proposed to limit t he 
amount 01 iron taken for analysis to 1 gramme, owing to the high 
molecular weight of the ammonium phoephuniolvbdate which enables 
even minute quantities of phosphorus in iron "and steel to yield a 
precipitate that can be weighed with great accuracy. 

E. R. K. Muller 3 describes a inethsl of determining phosphorus in 
pig iron and cast iron without the separation of silica. 


Estimation Of 8ilicon —Reichard 3 gives the following method 
for the estimation of silicon in iron containing much graphite. One 
gramme of the finely-dmded iron i, heated in a platinum crucible 
for fifteen minutes over a gas blowpipe, or for one hour over a Bunsen 
flame, and then dissolved in 25 ,*r cent, hydrochloric acid. The 
solution is decanted from the small quantity of' insoluble matter, and 
the latter ,s treats with fuming nitric acid. After the two arid 
solutions have been mixed together the insoluble graphite is collected 

• ; - an<l . ,gn,te(1 in an “tmosphere of oxygen. Tin- 

portion of the silica remaining in the acid filtrate is e-Wied in the 
umitt l way. 

f ir^fl^ 1114 ^° n * Sulphur <t. Auchy* gives details of a method 
for the estimation of sulphur by cadmium chloride, which obviates 
so me of the errors attaching to the usual method by which snch 
estimations ore made Four grammes of drillings are'placed in an 

insult; i “it hydKri. 

r r “, ' *“ «“ u ; k yweu* ™i,« tUtim. Mb bold- 

-n.b 

i . .j 6 , . i.uuiamiiig About 35 cubic centimetre* of 

cadmium chloride notation mridi* n«» r.ill^ i?* 1 # 

one nnund in OlWl ^ n P M follows: First stock sollltiou of 

one pound ,n 2000 cubic centimetres water; then 100 cubic renti- 

: sp* * * « m 
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metros of this mixed with 300 cubic centimetres of strong ammonia 
ami 600 cubic centimetres of water. After connection a low flame is 
applied, and when the drillings are dissolved the solution is boiled 
until the second small bottom bulb of the Troillius gets too hot for the 
fingers to grasp. The flask is then detached while still boiling, and 
tim apparatus well blown through by the mouth. The Troillius bulb 
is then placed in cold water, and tho pipette detached from the 
nitrogen flask (hut not from the Troillius bulb) and placed in a small 
beaker. The cadmium sulphide precipitate and cadmium chloride 
solution are drawn up into the bulbs and kept there by a Mohr com¬ 
pressor clipping the rubber tube. Then into the flask thus emptied is 
poured a mixture of 60 cubic centimetres of dilute (1: 1) hydrochloric 
acid, 115 cubic centimetres of ice water (ordinary drinking water), the 
bulk of the iodine solution that will be required in the titration, and 
a little starch solution. Then to this mixture in the nitrogen flask 
are transferred the contents of the Troillius bulb anil pipette and of 
the little beaker. The contents of the bulbs at the side are run doan 
into this liquid little by little with shaking, until the colour first 
changes from blue to purple. A few drops of iodine solution are then 
added from the burette—to restore the blue colour—and a little more 
of the cadmium sulphide and cadmium chloride is run down from the 
ride bulks until these bulbs are emptied and the titration in them 
finished. The iodine solution is standardised by permanganate and 
thiosulphnte. The titration by the thiosulphate must be made promptly 
in order that the sulphuric arid may not have time enough to set free 
any iodine. 

H. Kinder* recommends the following method for the estimation of 
sulphur in iron and steel as giving both rapid and accurate results. 
Five grammes of drillings are dissolved in 100 cubic centimetres of 
warm hydrochloric acid (specific gravity, 119), tbo evolve-1 gases being 
first washed in a small quantity of water to remove any free acid that 
distils over, and then absorbed in 50 cubic centimetres of ammonia oil 
cadmium chloride solution (20 grammes cadmium chloride, 400 cubic 
centimetres of water, and 600 cubic centimetres of ammonia, specific 
gravity, 0-96). The cadmium sulphide thus precipitated is filtered, 
washed, and transferred with the filter paper to a flask containing 10 
cubic centimetres of potassium iodide solution (30grammes potassium 
iodide and 10 grammes of sodium hydrogen carbonate per litre), some 
dilute sulphuric acid, and excess of permanganate from a burette. 
The whole is shaken until the cadmium sulphide is completely decom¬ 
posed. and the excess of iodine is estimated with sodium thiosulphate. 
The reactions are: 

10KI+2KMnO,r 8H r S0 4 =5!,+6K,S0 4 + 2MnS0 4 -r8Hj0. 

CdS-t-HjS0 4 +2I=Cd50 4 +2HI +S. 

The permanganate solution is diluted till one cubic centimetre corre¬ 
sponds to O'OOl gramme of sulphur. 

* StaAl »nd £istn, voL mi, pp. 1838-1S39. 
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E- R- E. Muller 1 describes tin ingenious method of ensuring com¬ 
plete absorption of sulphuretted hydrogen as evolved on the solution 
of iron in hydrochloric acid during the estimation of the contained 
sulphur. The gas enters a gas jar, 6 centimetres in dimeter and 
M centimetres in height, containing the cadmium solution to a depth 
of 9 centimetres, through a glass tube which reaches to the Itottom of 
the jar. The end of the glass tube is twice bent at right, angles, the 
open end being cat close off at the second bend. The gas thus leaves 
the tube on its upward passage through the liquid, close to the bottom 
and at the centre of the jar. In the centre of the jar. and dipping 
down some 4 centimetres into the liquid, is a l>ell very much like an 
inverted thistle funnel, but closed where it joins on to the glass tube. 
The rim of this bell is nicked. The bubbles of gas rise vertically 
through the liquid and collect in the hell. As more and more bubbles 
ascend the bell becomes too full, and excess gas escapes in small 
bubbles through the nicks in the rim. In this way the gases ore 
exposed very thoroughly to the absorbent action of tho solution in 
the jar. 

Apparatus for the Estimation of Sulphur and Carbon. —D. 

A. Wennmann 3 finds that in the estimation of sulphur in iron and 
stoel a continuous stream of water through which to pass the gases 
evolved is unnecessary. He has, therefore, devised a special cooler 
for the gases, which is fitted into the decomposition flask by a ground- 
glass joint. The whole apparatus is made of glass, and everything 
is so arranged that the gases evolved from tho flask have to pass 
through water contained in the cooler before escaping to the absorption 
vessels. The necessary tubes for running the acid into tho flask and 
for passing a current of carbon dioxide through the apparatus towards 
the end of the estimation ore also provided. For the estimation 
of carbon a condenser is fitted into the decomposition flask by a 
ground-glass joint, a special tube being sealed through the bottom 
of tbe condenser for leading gases free from carbon dioxide through 
the apparatus. Diagrams are given. 

Separation of Chromium. —-J. R. Cain* - describes a method for 
the determination of chromium and its separation from vanadium in 
steels. Thu method is based on the fact that chromium, in much 
larger amounts than that carried in the ordinary commercial steels, 
can be precipitated completely in a few minutes by boiling the 
nearly neutralised ferrous solution of the steel with laudum carbonate, 
cadmium carbonate, zinc oxide, or magnesium oxide. 

Estimation of Copper. —For the estimation of copper in steel* 
S. Zinherg 1 states that 3 to T> grammes of the sample are heated 

* SlaJtl und turn, vol. jucxii. p. 494. 

* Zdtickri/t fiir anftwunJl* Chrmie, vol. xxiv. pp, lgtfl 

* Journal of Jnduitrial and Knfintrrjnj' Cktmutrf, vol. iv. pp. 17-19. 

4 Zeituhnft fur an*lytin hr Cktmit, voL K. pp. IP-JJU. 
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with dilute sulphuric acid in a current of carbon dioxide. The iron 
dissolves, nud the copper which is left unattneked is finally ignited 
and weighed os oxide. A special apparatus is described and illustrated. 

Estimation of Manganese.— Stanichitch 1 gives a method for the 
rapid colorimetric estimation of manganese in iron and steel by means 
of ammonium persulphate. Half a gramme of the sample is heated 
with 20 cubic centimetres of 1 '2 nitric acid in a 100 cubic centimetre 
flask and, after driving off the nitrous fumes, 20 cubic centimetres nf 
•over nitrate solution (6 in 1000) are added, and while the solution is 
still warm about 1 gramme uf ammonium persulphate is placed in the 
flask, which is then filled up to the 100 cubic centimetre mark with 
water which must be free of hydrochloric acid contamination. The 
thumb is places! over the mouth of the flask and the contents well 
shaken. The violet colour of permanganic acid appears at once. The 
■olution is left until the maximum intensity of coloration is reached. 
This takes a few minutes only. An aliquot part of the solution is 
withdrawn and compared colorimetrically with a standard which has 
been similarly treated. Eggertz tubes being used. If the liquid is too 
hot, when the silver nitrate solution is added, a slight cloudiness innv 
arise owing to the precipitation of a little hydrated manganous oxide, 
and it Is therefore better to cool the contents of the flask under 
a stream of water before adding the solution. The presence of 
nickel, chromium, and copper do not impair the accuracy of the 
results. 

J. J. Boyle* gives a method for the determination of manganese in 
steel. This method ib a modification of that of Walter, the essential 
difference being the introduction of sodium chloride whereby the 
reoxidution to permanganic aeid is prevented. 

Estimation of NickoL— S. w. Parr 9 and J. M. Lindgren state, 
with reference to the dimethylglyoxime process for the determination 
of nickel, that nickel may be precipitated in the presence of iron, 
aluminium, and chromium, provided the solution contains sufficient 
tartaric acid to prevent the precipitation of these metals bv ammonia. 
In a series of determinations upon a steel containing about 1 percent, 
of nickel the result afforded by direct precipitation was practically 
the same as that obtained by precipitation in the iron free solution". 

It was also found that, after precipitation with dimethylglyoxime, 
nickel may he determined volunietrically by dissolving the precipitate 
in an excess of standard sulphuric acid" and titrating back with 
standard potassium hydroxide, the end-point being shown by the 
appearance of a faint yellowish colour in the previously colourless 
solution. The acid is standardised against pure nickel which is 
precipitated with dimethylglyoxime and titrated as described. 

1 Krvut dt Mdlallurgit. Utmoim, rol. viii. pp. 891-892. 

* Journal of Industrial and Ergintrring Cktmiitrj. roL iv. pp. Soj ja 

9 TramttuHout of tht Amtruan Bran Foundtri Auatatiou. vot v. pp. 130- 124 . 
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Estimation of Tungsten — T. Kucxyhski 1 gives the following 
methods for the assay ofnigb-grade alloys of tungsten:— 

Chlorine Mathod .—The coarsely-powdered sample is placed m » 
porcelain boat, and introduced into a combustion tube connected with 
a Peligot tube filled with dilute hydrochloric acid (1:5). A rapid 
current of chlorine is passed, and when the air is completely expelled 
the combustion is started as usual until only n little carbon remains 
in the boat. When cold the tubes are disconnected, and after 
emptying the Peligot tube both are washed, first with warm 
hydrochloric acid and then with dilute ammouia. The mixed liquids, 
measuring about 500 cubic centimetres, are mixed with 5 cubic 
centimetres of hydrochloric and nitric acid* in excess, and boiled until 
00 cubic centimetres are left. The tungstic acid is then collected and 
washed, but os some remains in solution it is necessary to recover 
this by evaporating to dryness and heating the residue at 120 ; 
the muss is then lioiled with dilute hydrochloric acid, ami the un¬ 
dissolved tungstic acid is collected. Any iron contained in the 
tungstic acid may be freed therefrom by dissolving in dilute ammonia 
and reprecipitating by boiling with excess of dilute hydrochloric acnl 
(1 :10): the traces remaining in solution are then again recovered 
by evaporation as directed. The precipiuto is finally dissolved in 
ammonia, evaporoted to a small volume in a quarts crucible, acidified 
with nitric acid, evaporated to dryness, and then ignited to the 
trioxide. 

Hydrofluoric Add Method .—The sample, in small lumps, is treated 
in a platinum crucible with 5 cubic centimetres of nitric acid (L> l'*) 
and 2 cubic centimetres of water for every 0-2 grammo taken for 
the assay ; 0-5 gramme (or more) of ammonium fluoride is added, and 
the whole is heated on the water-bath until dissolved ; sometimes it >“ 
necessary to add a few drops of sulphuric acid. Finally 2 to 3 cubic 
centimetres of sulphuric ncid are added, and the fluorine is expelled 
by heating on the watcr-liath. When cold the contents are rinsed 
with water into a beaker, traces of tungstic acid adhering to the 
dish being dissolved in dilute ammonia. 'Hie solution, measuring 
about 60 cubic centimetres, is then boiled with 20 cubic centimetres 
of hydrochloric acid, <ke., as in the chlorine method. 

Mechanical Methods of Analysis. — C. H. Ridsdale* and N. n. 
Ridsdale give further data on the subject of mcehunicalised methods 
of analysis, being an extension of the paper submitted by the authors 
to the Iron and Steel Institute.* 

Laboratory Equipment. —K. Friedrich 4 describes the build¬ 
ings and equipment of the metallurgical department of the Royal 

* Hulk tin International de t Aiadtmit des Science/ de Cracow, 1011, A. pp. MS-644. 

* Pmetdixgi of the Cleveland Imtitution of Engineers, 1911-1912, No. 4, pp. TW" 

164 . 

* Journal of tie Iron and Steel tmtitute, 1911, No. 1. pp. 332-373. 

* Sfetallnrgie , roL i*. pp. 41-48. 81-92. 
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Technical High School at Breslau. Photographs of the various 
laboratories are shown. 

A preliminary report on the quality of platinum laboratory uten¬ 
sils has been issued > by a committee appoints! by the American 
Chemical Society on the occasion of the Convention "at Minneapolis. 
The committee consisted of W. F. Uillebrand, P. H. Walker, and 
E. T. Allen, and the report deals with the alleged inferiority of 
platinum ware made in recent years compared with that procurable 
many years ago. The objections as to inferior ware comprise allet^a- 
tiotis ns to undue loss of weight on ignition and on acid treatment, 
unsightly appearance, alkalinity, blistering, and the development of 
cracks, and a tendency of crucibles and dishes to adhere to triangles. 
The report deals with each of these defects. 

H. L Bowman - illustrates a form of crucible tongs which he has 
used for some years for handling crucibles, in analytical work. The 
tongs are made of stout wire coiled into a spring at the middle, 
and bent up at the ends to form two semi-circular jaws, which lie in 
a plane of 45° to the plane of the legs. They are about 6i inches in 
length, and may be made of bright iron wire of about 0 09 inch in 
thickness or of the bronzed wire used for sofa-springs. The springi¬ 
ness of the legs enables a platinum or porcelain crucible (with its lid 
on) to be grasped firmly without fear of damage, while the oblique 
position of the jaws per mits it to be readily lowered into a desiccator 
or inserted through the door of a balance-case. 

A description has appeared* of the equipment of the Harrison- 
Hughes Engineering Laboratories of the Liverpool University. 


U.—TRON ORES ANI) SLAGS. 

Sampling Of Ores — It is by no means easy to obtain thoroughly 
representative samples of ores for chemical analysis from large amount* 
of raw material. W. Schafer* draws attention to this in connection 
with the analysis of iron ores where, in the case of a 10,000-ton order 
the difference of 1 per cent, of iron may raise or lower the value of 
the load by £200. Generally speaking it is easier correctly to 
sample a roughly-powdered ore than one occurring in large lumps 
In sampling, not less than 2 lbs. of ore should be taken per ton, and 
the sumpling may conveniently be done whilst the ore is being un¬ 
loaded. If the ore is a mixture of large, small, and verysmall 
pieces a rough estimate of the relative proportions may be made 
and a proportionate weight of sample of each kind taken, mixed 
together, and analysed. 

1 Metallurgical and Chemical Engineering. vol. i*_ pn. 649-651 

* Chemical AVuu, vol. cv. pi 189. 

* Engineer, vol. criii. pp. 516. 533-535. 

* Stahl and Eiien, voi. uru. pp. 53-55. 
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Estimation of Iron. -A. Weneelius 1 gives a modification of 
Reinhardt's method for the titration of iron by potassium perman¬ 
ganate, which is specially suitable for use with ores of the minette 
typo. Anomalies occur in using this method owing to the perman¬ 
ganate solution being standardised with puro solutions, whereas it 
Should be standardised with a solution resembling that with which 
it is intended to be used. The modification consists, therefore, in 
preparing a sample of minette ore for the purpose of standardisation. 

Estimation of Carbon in Ferro Chromium —F. Gercke* and 
N. 1’atiukoff describe a rapid method of estimating carbon in ferro- 
chromium. The ferro-chromium is reduced to n fine powder in an 
agate mortar and 0’2 gramme taken and mixed with al>out 2 grammes 
of sodium peroxide in a porcelain crucible of 20 cubic centimetres 
capacity. This is then placed inside a larger iron or nickel crucible, 
which rests on a perforated asbestos plate, and is heated over a Bunsen 
tl&ine for about ten minutes until dark red in colour. The mixture 
melts qnietly without spluttering, but if other proportions of ferro- 
chromiuin and peroxide are taken the reaction is often violently 
plosive. The mixture is then cooled in a desiccator, and the porcelain 
crucible is introduced into a wide-mouthed flask fitted with a double 
bored rubber stopper, carrying two glass tubes, one of which reaches 
almost to the bottom of the flask, whilst the other merely pierce.- 
through the stopper. Tlio short tube is connected to a soda-lime tube, 
and hot distilled water is added through the long tube to dissolve out 
the contents of the crucible. The flask is raised to boiling to decompose 
the sodium peroxide. The short tube is now connected with a drying 
tube containing sulphuric acid and a weighed soda-lime tube. Air 
free from carbon dioxide is aspirated through the long tube into the 
flask, and oat through the short tube and its connections. Sulphuric 
acid (1 :1) is now added to the flask, drop by drop, by a funnel attach¬ 
ment to the long tube, and the evolved carbon dioxide passes with the 
aspirated air into, and is absorbed by, the weighed soda-lime tube. 
A blank experiment must t>e done in a similar manner with the 
sodium peroxide alone. 

Separation of Iron and Manganese —J. A. Sanchez. 3 gives the 
following method for the quantitative separation of iron from man¬ 
ganese : Pyridine is added to a slightly acid solution of the feme 
and manganous salts until no further precipitation takes place, the 
mixture being then boiled for ten minutes and filtered. The pre¬ 
cipitated ferric hydroxide is washed with a hot saturated aqueous 
solution of pyridine and then with boiling water. Precipitation of 
the iron is complete, whilst all the manganese remains in solution. 
With relatively large quantities of manganese, howovrr, it is advis- 

* liuttetin dr la Sari/// it t/nduitrir dr t £rt. No. 87. p. 14. 

* Stall and Eiun, vol. mii. pp, Cl'J tl" 

» bulletin Jr la Saci/ti Ckimiftu dr /•'rnmet, rot. is . pp. 880-881. 
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»blo to dissolve the precipitate in hydrochloric acid and re-precipitate. 
. letols precipitated by hydrogen sulphide from acid solutions should 
preferably be first removed. If rinc be present the feiric hydroxide 
must be dissolved and re-precipitated with ammonium chloride and 

ammonia. 


Estimation of Manganese —In discussing the bismuthate 
methtxl for the determination of manganese, I). J. Deinorest 1 states 
that if the permanganic acid solution obtained by the oxidation with 
bismuthate be titrated directly with sodium arsenite solution, auv 
chromic or vanodic acid which may be present has no influence on the 
results. 

P. H. M.-P. Brintou ! states that the factor 0 16397 represente the 
ratio 5NXC.O,: 2Mn, and not 0 16024 as given in his previous 
article. Ibis mistake does not influence the correctness of the 
empirical factor 0 1656 suggested by the author, although it 
diminishes the necessity for its employment, neither does it affect 
tho analytical results described in the previous communication. 

P. Slawik 3 describes a method for the rapid determination of 
manganese in ferro-tungsten. A gramme of the powdered alloy is 
tused in a porcelain crucible with 10 grammes of sodium dioxide, 
finally being kept at red heat for a few minutes. The fusion is 
dissolved in water, acidified with hydrochloric acid in large excess, 
and the solution boiled for twenty minutes. A slight excess of rinc 
oxide is added, and the manganese titrated with potassium perman- 
ganate by the \ oil hard method. No injurious substance* are extracted 
from the porcelain crucibles, which last for three to five fusions. 

? r ~P aratl0n I 1-00 Manganese Arsenides, S. Hilpert « 

and i Iheckmaun describe iron and manganese arsenides and the 
method of their preparation. 


Estimation of Silica. —F. Moldenhauer' states that in ordei to 
obtain accurate estimations of silica in iron ores it is advisable to use 
platinum dishes, as it is often impossible to remove the silica, rendered 
insoluble by evaporation, from porcelain basins. 


Estimation of Sulphur —0. Davis* and J. L. Foucar describo a 
method devised by the former for the rapid estimation of free sulphur 
in spent oxide, which comprises the treatment of finely powdered aud 
dries] material with a solution of sodium cyanide in absolute alcohol, 
the resulting sulphncyanide being titrated in the usual way. The 

* ^ Enj!i " nri ** Cktmuiry. to !, hr. p. IB. 

* Ckrmiirr Z.titung, vol. xut ! p. 106 . 

* Btruku. vol. silr. pp. ‘JST8-2383. 

* S.ntukrift fmr amtlytiuht Ckrmit, vol. I. pp. 7M ?W. 

Journal of the Society tsf Chemical Industry , rol. xxxi. p» luU. 
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results obtained are quite sufficiently accurate for commercial pur¬ 
poses. 

A. Heciko 1 gives details of experiments carried out in order to 
compare the methods of Donnatedt and Lunge for the determination 
of sulphur in pyrites. 

Estimation Of Calcium Oxide —A rapid method for the estinm- 
tion of calcium oxido is given by L. W. Bohney. 8 0*6 gramme of the 
finely ground sample is well shaken in an Erlenmeyer flask with 50 
cubic centimetres of distilled wnter, 2 drops of phenolphthnlein added, 
and the mixture titrated with standard oxalic solution until the vivid 
pink colour disappears. If a complete titration is allowed to stand 
for fifteen to thirty minutes, the pink colour will return and show as 
brightly as possible. The reading of the burette is in percentages of 
calcium oxide. The solutions necessary are: oxalic acid, 14*6068 
grammes per litre; phenolphthalein, 0'5 gramme dissolved in 50 cubic 
centimetres of alcohol and 50 cubic centimetres of water. 

Ferro-Boron. — It. S. Davis * describes a method for the analysis 
of ferro-boi-on. 

Analysis of Titaniferous Iron Ores.— W. Manchot 4 and B. 
Heffner have examined two specimens of titaniferous iron ores—(I) 
a coarse ore from Ekersund, and (II) a large crystal of ilmenite from 
Ural, with a view to ascertaining whether such ores have the consti¬ 
tution FeO, TiOj or Fe,0 lt TuO a . The titanium is estimated l>y 
fusion with potassium hydrogen sulphate, reduction of the iron with 
sulphurous acid, and precipitation of titanic acid by boiling. The 
total iron is estimated in a solution reduced by sulphurous acid, and 
the ferric iron iodometrically in a solution prepared by means of 
hydrochloric acid iu absence of air : — 




•n. 

Total Ft 

Ft" 

Mf. 

Cm. 

S. 

L 


. 1612 

44*50 

22*76 

066 

0*25 

0*28 

!L 

• 

. 2981 

34*71 

9*38 



068 


The ratio Ti: Fe" : Fe” is. for I.. 1: 1U47 :1*123, and for II.. 1:0*7312:02706. 

The ferric iron in II. is probably due to secondary oxidation, and 
the ratio TiOj: FeO thus approaches 1 : l in both cases. Although it 
has been shown that compounds containing trivalent titanium evolve 
hydrogen with alkalis, hydrogen is not evolved by the action of alkalis 
on ilmenite. The reaction of ilmenite with sulphuric acid is also 
quite similar to that of a mixture of titanic acid and a ferrous salt. 
The conclusion is drawn that titaniferous iron ores contain only 
titanium dioxide, and not titanious compounds. 

1 Z.eitcchrift fur analrtitchc Chctnie, voL I. pp. 748-763. 

* Built tin of tkt American Institute </ Mining Engineers, 1911. pp. 895-899. 

’ Metallurgical and Chemical Engineering, rot. ix. p. 458-459. 

• Zeits thrift fur ancrganiicke Chemic, to!. Ixxir. pp. 79-85. 
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Estimation Of Titanium.— A. Gautier 1 gives a calorimetric 
method for the estimation of titanium in clayey ores. The process is 
based on the property possessed by hydrogen peroxide of imparting 
an orange-red tint to a solution of titanic oxide in a sulphuric acid 
solution, the depth of colotir being proportional to the amount of 
oxide present. As the colour fades the standard should be prepared 
freshly once a week. A more constant standard may be obtained by 
the use of a 2 per cent, solution of helianthine dissolved in cold 
wnter. 

Estimation of Tungsten —W. Trautmann * states that for the 
estimation of tungsten in wolframite in the presence of mulybdenite, 
1 gramme of finely powdered ore is gently roasted in a platinum 
crucible until tile odour of sulphur dioxide has disappeared. The 
mass is then extracted three or four times with warm dilute ammonia, 
which dissolves the molybdeuum trioxide formed. The filter, after 
being washed with solution of ammonium nitrate, is replaced in the 
crucible, and the whole is again ignited. The residue is then sub¬ 
mitted to the ordinary fusion with sodium hydroxide, which should be 
carried out in a nickel crucible. 

Estimation of Vanadium. —I). J. Demorest* describes a new 
method for the estimation of vanadium. 


ML—ANALYSIS OF FUEL. 

Sampling Coal, Coke, and Tar.— An account is given * of the 
best methods of obtaining representative samples of coal, coke, and 
Ur for analytical purposes. In sampling Ur in cisterns care must be 
taken to remove portions from various depths, as the general com¬ 
position and water-content of the tar varies at different levels. For 
this purpose a movable tube, 5 to 10 centimetres in diameter, is 
recommended. 

Sampling of Coal. —An illustrated description is given 5 of a 
mechanical laboratory cool sampler used by the Philadelphia and 
Heading Coal and Iron Company. 

In a memorandum to the Manchester Steam Users' Association 
C. E. Stromoyer* deals with the sampling of coal. 

In order to avoid the mechanical loss which takes place in the 

1 Rent Hndrmlt de CMimit pure ft appliqnfe, vol. rir. pp. 14-Jfi. 

* Zrihtkrift fUr angmandlt Cktmu, vol. jutiv. pp, 2U2-2H3. 

* Journal of /ndnjinai and Engineering Citmiitrj, vul. iv. pp. •.*111-251) 

* StaJH and Etien, toL mi p. 1560. 

* .Vine i and Vinerah, rat. mii p. IX). 

* Practical Engineer, vol. xlir. pp. 781-783. 
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determination of volatile matter in ooala, especially in lignite and 
Illinois coals, S. \V. Parr* recommends that tlie sample of coal (1 
gramme) should be saturated with 10 to 15 drops of kerosene. 

A. Meurice - deals with sampling and the determination of humidity, 
ash, volatile matter, and sulphur in coke and gas coal. 

J. Lomax * discusses the microscopical examination of coal and its 
use in determining the inflammable constituents present. 

Determination of Sulphur in Petroleums. —J. M. fenders* 

considers that the Mulder or Hempel calorimetric bomb method for 
• estimating the total sulphur in petroleums, although trustworthy, is 
somewhat lengthy, and he describes a method by which a large 
sample may be coucentrated by treatment with fuming nitric acid 
and potassium bromide, the product being absorbed by magnesium 
oxide, which enables it to be readily removed from the concentrating 
dish and burnt in the Parr apparatus with sodium peroxide. Several 
samples may be treated simultaneously, the. final combustion taking 
about forty-five seconds. 

D. Lohmann 4 describes a method for the determination of sulphur 
in petroleum. 


Vf.—ANALYSIS OF GAS. 


Analysis of Oases in Ironworks Practice. —H. Naegell* dis¬ 
cusses, in a theoretical manner, the methods of calculating and ex¬ 
pressing the quantitative analysis of gaseous mixtures such as are 
dealt with in blast-furnace aud foundry practice. 

Apparatus for Analysis of Furnace Gases.—J. C. W. Frazer 7 
and E. J. Hoffmann describe apparatus and methods for the sampling 
and analysis of furnace gases. 


Estimation of Carbon Monoxide. —L. A. Levy 8 gives the 
fallowing method for the estimation of carbon monoxide, which is 
based on Gautier s anhydride method. The gaseous mixture is drawn 
by means of an aspirator through a solution of bromine in potassium 
bromide to fix unsnturated hydrocarbons, and thun through aqueous 
potassium hydroxide (1:1) to remove bromine vapours, and also any 
carbon dioxide. After removing aqueous vapours by passing the ga* 


i Journal of Ininitriat and Bnginttring Ckemiitry, vol. iii. pp. 900-902. 

3 Anna.rt dtj Mint! it Bttgtyut, vol. ivi. pp. 555-677. 

> Papa ivsul before the North Staffordshire institute of Mi nine and Mechanical 

nmfuN»n( Innnarv ‘Hi till** 


Engineers, January 29. 1912 

• Prwtciingi of Hu Cktmual Swift?, vol. XJtvil. pp. 329 330 

• Citmiitr /fitting, vol. JOT. pp. 1119-1120. 

• Stail nnd Biun . vol mid. pp. 617 018. 

3 Unitti Starts Burma of Minti. BuUttin No. 12. pp 3-22. 

• Journal of tit Socuty tfCktmital fniuitrt. vol. txx. pp. 1 


pp. 1137-1440. 
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over phosphoric oxide, the carbon monoxide is oxidised to rarlon 
dioxide by passing it through a P-tube filled with a mixture of 
asbestos and iodic anhydride, and heated in an air-Imt.h nt 160° to 
180°; to the U-tube is sealed another one filled with copper turnings, 
which completely absorb the iodine liberated. The carbon dioxide is 
now absorbed, in a specially constructed apparatus resembling a 
Winkler coil, in a known volume of standard solution of burium 
hydroxide coloured with phenolphthalein, and the operation is con¬ 
tinued until the liquid is decolourised ; a simple calculation then gives 
t.ba carbon monoxide. \\ hen the amount of carbon monoxide is but 
very small, the excess of baryta may be titrated with oxalic ucid after 
a certain volume of tho gas lias passed through without waiting for 
decolonisation. 

Estimation of Carbon Dioxide in Smoke- —An apparatus is 
illustrated and described 1 by means of which carbon dioxide may 
readily be estimated in smoke and furnace gases. 

Nomenclature of the Oxides of Carbon C. Hering* advocates 
the abandonment of the terms cartamic oxide and acid, and points out 
that the consistent applications of the terminations -out and -i> would 
necessitate the lower or monoxide of carbon, CO, being, for con¬ 
sistency's sake, called carbonous oxide, and the higher or dioxide CO a , 
carbonic^ oxide. The use of the term carbonic oxide for the lower 
oxide is indefensible, and there should be no objection to using the 
term carbonous oxide for CO, as there should be no confusion, and 
the nomenclature would then be consistent with that used for other 
elements. 

Analysis of Mine Gas- -G. A. Burrell 3 gives the reunite of 
analyses of a number of samples of mine gases collected under 
different conditions, that is, after filing explosives, after fires, and 
after explosions. In most cases they show the presence of injurious 
amounts of carbon mouoxide. 

Atomic Weight of Nitrogen —E. Wourtrel* state* that five 
experiments have given for the atomic weight of nitrogen the values 
14 005,14 008, 14 006, 14 007 , 14 008; mean 14 007. The method 
employed involved determination of tho weight of oxygen necessary 
to convert a known weight of nitric oxide into nitric peroxide. A 17- 
tube containing cooled liquid nitric peroxide as a solvent was weighed, 
and a definite weight of nitric oxide passed in. Pure dry oxvgen 
was then introduced, and the increase in weight determined, after 
removing excess of oxygen by evacuating the apparatus at the 
temperature of liquid air. 

i Stakl und Eiun. voL xxxii. p. 2-tfi. 

* .Metallurgical and Chemical Engineering, to!, ix. p. 026. 

* Journalef Industrial and Engineering I'ktmilire, toL it. pp. 0R -100 

* Comf Us Kendui, vot. diT. pp. 115-116. P 


( 614 ) 


STATISTICS. 


CONTENTS. 


I. United Kingdom 


ram 
. 614 

X. Holland. 

raos 

. 626 

II. Aastraluii 


. fits 

XI. japan .... 

. 626 

HI. Austria-Hungary 


. 616 

XII. Koamania 

. 627 

IV. Belgium . . 


. 617 

XUL Russia .... 

. 627 

V. Canada . 


. filS 

XIV. Spain .... 

. 629 

VL China . 


. 619 

XV. Sweden .... 

. H29 

VK. France . 


. 620 

XVI. United States 

. 680 

VIIL Germany 


. 624 

XVII. Comparative Tables 

. 633 

IX. Greece . . 


. 625 




L — UNITED KINGDOM. 

Mineral Statistics- —The production of iron ore in 1911, *P“ rt 
from that obtained in quarries, wu 9,710,693 tons, of which 
7,886,898 tons were mined under the Coal Mines Act, and 1,823,796 
under the Metalliferous Mines Act. The output of coal in 1911 was 
271,878,924, as against 2C4,417,588 tons in 1910, showing an in 
crease of 7,461,336 tons. The output of other minerals included 
4987 ton* of manganese ore, 2,482,846 tons of fireclay, 17,149 tons of 
limestone, 3,116,803 tons of oil shale, 6007 tons of bauxite, and 260 
tons of tungsten ore. The number of persons employed at mines 
under the Coal Mines Act wo* 1,067,213, an increase of 17,800. 1 

Iron Trade Statistics. —According to the British Iron Trade 
Association, 5 the producdou of pig iron in Great Britain in 1911 was 
9,718,638 tons, a* compared with 10,216,745 tons in 1910 and 
9,664,287 tons in 1909. 

The total amount of steel produced in 1911 amounted to 6,461,612 
tons. The following table shows the figures of output for Bessemer 

i Uitta amt Qumrriti . Gtmeral JCrtort and Statirtui far lull. (Advance proof.) 

* trait Cent TroJn Sr. tru, tot laniv. pp. 771, 7'JU. 
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and open-hearth steel ingots, distinguishing basic and acid, for the 
years 1885 to 1911:— 



Acid. 

Bessemer 

Open- 

H-sorth. 

Year. 

Too*. 

Too*. 

1885 



1886 



1887 



1888 



1889 

1,719.292 

1.357,461 

1890 

1.613.730 

1.462.913 

1891 

1.3-8,229 

1.414.-1521 

1892 

1.268,000 

1,310.774 

1893 

1.280.992 

1.377 664 

1994 

1,130,611 

1.47-.787 

1885 

1,093,675 

1,564.9*18 

1996 

1.357,5802.145.268 

1897 

1,374.339 2,393.918 

1898 

1,253.252 MJW.512* 

1899 

1,307.696 2.735.563' 

1900 

1.254,903 2.8-12.566] 

1901 

1.115,943 2.946,614 

1902 

1.157.380 2.070,508 

1903 

1.316.915 2.613.274 

1904 

1.129.224 

2.583.282 

19S 

1,396,2333.042.834 

1906 

1,307.149 3.378.891 

1907 

1.240.315 3.384.780 

1908 

90-5.466 2.578.84 - 

1909 

1.111.012 

2,763.158 

191- 

1.138. l-« 3,016.830 

1911 

887.7*173.131.118 


Baiic. 


Hearth. 


Tons. Tonv 


Total 

Acid. 


Total | Total 
liuic. Bessemer, 


Ton*. Too*. 
734, IKC 145.707 
007.037: 258,46*1 


421,211 

402.133 
335,770 
2118.783 
262.382 
31)5,753 
441.560 
457.288 
500.810 

504.134 

517.378 
491.107 
490,268 
«*.,» n 
503,103 
01-2.309 
577.977 
600.189 
578.944 
572.073 
622,178 
641.012 

573.378 


n.Twft 

101.287(3 
100,4862 
108,0562, 
78,6452 
104.531 2 
159.869 2, 
172.2873, 
308,0883 
216.088 3 
294,0884 
293 481 4 
351,177 4 
406,780 3, 
510,8493 
662.0643 
795,238 4 
1.176 0451 
1.278.709 4 
1.238,2633 
1,385.250 3 
1.678,536 4 
1 889.354 


.682.003' 

.898.143; 

076.7531 

,075.643] 

.720.281 

,512.774 

.008.656 

,610.398 

.058.543 

,508.848 

,768.257 

845.764 

,613,250 

.116.469 

492.599 


Tans. 


364.526 
408,594 
493.919 
503.120 
436.362 
406,839 
341.007 

5)84.284 
601.419] 
629.549' 
717.9-44 
720.026 
812.066 
784.585 
841,447- 


Total 

Open- 

Hearth. 


Tons. 


,833.888 1,075,179 
,930,1891,103,912 
,712.506 1.314.373: 
.439.067 1.373,215] 
14)85.840 1.776.434 
1.H65.-9.M .857 633 
485,306 1,810.336 
.,874.2012.007.429 
1,154.9312,219 549 
1.018,8863,442,727 


2.141,603 

2.014.803 

14-42.005 1. 

1.500.78311. 

1.523.3541. 

1,535,3641. 

1.535325(1 

1,814.8422, 

1.884.155 2, 

1.7M-.38-12 

12425.074 3 

1,745.0043 

1.006.2533 

1.825,779:3 

1.910,0183 

1.781.6333 

1.974.2103 

1,907.3384 

1,859.2564 

1,478.5393 

1.733,2204 

1.779,1154 

1.461.14--;5 


429.169 

,564.21*1 

514.538 

418.330 

,456.309 

575,318 

724.737 

317.555 

602,006 

S-6.600 

,030.251 

156.060 

297.791 

,083.288 

,124.083 

245.340 

.838.072 

.554.936 

.663,489 

917.103 

.148,408 

.7*5.3*56 

.0-0,472 


The production of Bessemer steel rails (including sleepers and fish¬ 
plates) in the United Kingdom in 1911 was 583,490 tous, as com¬ 
pared with 711,915 tons in 1910. The output of Bessemer finished 
and semi-finished products in 1911 wits as follows:— 

Tan*. 

Blooms, hfllcts. and slabs .... 143,151 

Steel and tinplate bars.316.891 

Sleepers and fishplates. . • 6o,9U!i 

The total output of manufactured open-hearth steel in 1911 
amounted to 4,480,450 tons, as compared with 4,089,668 tons in 
1910. The production of open-hearth steel rails in 1911 was 253,035 
tons. 

The production of puddled iron in the United Kingdom in 1911 
was 1,191,499 tons, being an increase of 72,606 tons on the output 
of 1910. Tbe amount of mild steel produced in 1911 was 906,957 
tons, while the prodnetion of fiuish«l iron amounted to 1,097,250 
tons. 
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II .—A USTRALJSIA. 

Mineral Statistics of New South Wales. —The coal output of 
New South Wales in 1911 amounted to 8,691,604 tone, as against 
8,173,508 tons in 1910. The output of coke in 1911 was 264,687 
tons. There was also produced 283 tons of tungsten. 1 


Iron Trade Statistics of New South Wales.—The production 
of iron and steel, made from ores mined in the State during 1911, 
was as follows *:— 


Too,. 

Pig iron. 24.058 

Puddled bar-iron.1.789 

Steel.2.6S8 


Mineral Statistics of Western Australia. — -The production of 
coal*in Western Australia in 1910 amounted to 262,166 tons, being 
the record output to date. 


HI —A USTRIA-HTJNGA R Y. 

Mineral Statistics. —During the year 1911 the output of coal in 
Austria * amounted to 14,861,314 tons’ as against 13,773,985 tons in 
1910. Of the total the Ostrau-Karwin district contributed over one 
half. The manufacture of coal briquettes amounted to 138,838 tons 
in 1911, and the moke of coke was 2,076,978 tons. The output of 
lignite last year totalled 25,255,429 tons, or 122,000 tons more than in 
1910. 1 lie manufacture of lignite briquettes showed an increase, 
being 208,759 tons, as against 186,146 tons in 1910. 


Min eral Statistics of Hungary —The production of lignite in 
Hungary during 1910* was 7,734,166 tons, the production of bituminous 
roal during that year having been 1,302,103 tons. The production of 
iron ore in the same period was 1,905,749 tons, and 13,270 tons of 
manganese ore were also produce.!. The bulk of the lignite was 
obtained from the Zsil Valley and the bulk of the coal from Ptes. 
The number of workmen employed in the mining industry in Hungary 
in 1910 was 75,674. 6 3 


t Wtla ' r *t [ ' lrtm,nt •/ Mints. Annnal Refort for 1911. 

\ n T'" ■ I'"?-*- Mines. Reforttie Year 191(1. 

Oaterreuniuke Znttcknft . rol. I*, p. <M ; Iron and Coal Trades Review. voL lx«i»- 

P» lww. 

_ * Annuaire Statssti^m fane r Annie 1910. Published by the Central Bureau of 
Statistics for the Kingdom of liungiuy. Budapest, 1911. " 
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Iron Trade Statistics. — Recently available figures relating to 
the production of pig iron in Austria-Hungary in 1910* show that 
during the year there were produced 1,967,000 tons. The exports 
amounted to 21,000 tons and the imports 102,000 tons, while the home 
consumption was 2,048,000 tons. Of the production in 1910, Austria 
contributed 1,475,000 tons, comprising 1,216,000 tons of Bessemer 
and forge pig, and 259,000 tons of foundry pig, while Hungary con¬ 
tributed 492,000 tons, comprising 477,000 tons of Bessemer and forge 
pig. and 15,000 tons of foundry pig. 

The output of semi-manufactured iron and steel in 1911 in Austria, 
Hungary, and Bosnia (including Herzegovina) * totalled 2,435,757 tons, 
comprising 2,348,294 tons of various descriptions of steel ingots and 
castings, and 87,463 tons of puddled iron and steel. Details of the 
production are as follows:— 

StttJ Ingots and Casting]. 

Tons. 

Bessemer ingots and castings j ^ ^ 

Oftn-ktartk Ingots and Castings. 


Acid and basic ...... t,979.902 

Crucible Meel . 17.467 

Electric steel . . 22,867 


Total.2.318,294 


Pnddltd Iron and Stetl. 

Tons. 

Puddled steel (not included in inguts) . . 14,714 

Puddled iron. 72,749 


Total. 87.463 

The output of the works of the Austro-Hungarian Iron and Steel 
Syndicate 3 during the year 1911 was as follows :— 


1011. 

Tons. 

Bara and shades.414.000 

Joists . 159,500 

Plates und shorts . 46,800 

Rails . 67,800 


Total 


688.100 


I V.—BELGIUM. 

Mineral Statistics- —The output of coal in Belgium during the 
year 1911 4 amounted to 23,125,140 tons, being 792,000 tons short of 
the production in 1910. 

1 Iron and Coal Trades Review, voL lxxxiv. p, 767- 

* Comite dei Forges Je Frame, Bulletin No. ; Iron and Coal Trades Review, 
voL 1 xx xiv. p. 614. 

3 Inm and Coal Trades Review, voL Ixxxir. p. S4T«. 

* Comite des Forges de France , Bulletin No. 3113; Iron and Coal Trades Review, 

voL Ixsxiv. p. 243. 
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Iron Trade Statistics —Tl»e production of pip iron i« 
during 1911 1 amounted to 2,106,120 tons, of which 1,964,100 ton* 
were boric and Bessemer, 90,950 tons forge, and 51,070 tons foundry. 
Of the furnaces existing at the end of 1911 there were 44 in blast, as 
compared with 39 at the end of 1910, and 0 out of blast. 

The production of steel in Belgium* during 1910 amounted to 
1,944,820 tons, and comprised the following :— 

Tons. 

St«l carting*. J5H3K 

IlcssemCT. 

Open-hearth.136.660 

The following table shows the production of finished steel in 1911 : 



Ton*. 

Merchant shape* . . 

. 324..WI 

Steel sections .... 

114.M6U 

Rail* and steeper* 

847-890 

Shaft* and .tales 

31.860 

Girder*. 

188,000 

Wire rods. Ac. 

121,200 

Thick sheet* .... 

45,060 

Steel stamping* .... 

1.690 

Total . 

. 1.186.740 


V.— CANADA. 

Mineral Statistics. —According to preliminary statistics prepared 
by J. McLeish* the total production of coal in Canada in 1911 
amounted to 11,291,553 short tons. 

The total production of oven coke in 1911 was 847,402 tons, as 
compared with 902,715 tons in 1910. 

A further falling off is shown iu the output of petroleum, the pro¬ 
duction in 1911 being 291,092 harrels os compared with 315,895 
barrels in 1910. 

Mineral Statistics of British Columbia —According to the 
preliminary review and estimate of the mineral production of British 
Columbia in 1911, compiled by W. F. Robertson, 4 the output of cool 
was 2,435,000 tons, as against 2,800,046 tons in 1910. The make of 
coke was 77,500 tons in 1911, as compared with 218,029 ton* in 1910. 

Iron Trade Statistics —j. McLeish 1 further reports that the 
total production of pig iron in Canada in 1911 was 917,535 short, tons. 
Of the total, 20,758 tons were made with charoo&l as fuel and 896,777 
tons with coke. The classification of the production in 1911 was as 

* Monitenr del Int/rfti Mat/rieli: Iron and Coal Tradei Review. voL Ixxxiv. p. I® 

* Anno In det Minn de tttlgifut, voL xri. No. I. Table No 8. 

* Canada, Deportment of Mina, Minn Branch. Ottawa, 1912, Report No. 180. 

* Iron and Coal Trader Review. vol. laniv. p. 419. 

* Canada. Department of Mlnet, Minti Branch. Ottawa, 1912. Report No. 180- 
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follows: Bessemer, 208,626 tons; basic, 464,220 tons; foundry and 
miscellaneous, 244,686 tons. 

Tlie production of steel ingots and castings in 1911 was approxi¬ 
mately as follows:— 

J Too*. 


Steel ingots—Open-hearth (basic) 
„ Bevtemer (add) 

Castings—Open-hearth . . 

Other sterls ..... 


. 051.676 
*».817 
. 13.983 

. 740 


Total. 870,215 

From statistics collected by the American Iron and Steel Associa¬ 
tion * it appears tliat the production of all kinds of pig iron in Canada 
in 15)11 amounted to 824,343 tons, agstinst 740,210 tons in 1910, an 
increase of 84,133 tons, or over 113 percent. The production in 
1911 was much the largest in the history of the Dominion. Of the 
total production in 19l 1, 799,716 tons were made with coke, and 
24,629 tons with charcoal, coke, and by electricity, Ac. In tbe following 
table the production of pig iron in Canada in the last eighteen years 
is given. Spiegel eisen and ferro-manganese are included. For all 
these years the statistics given have been compiled by the American 
Iron and Steel Association. 


Year. 


Ton*. 

Year. 

Tons. 

1894 . 


. 44.791 

1903 . 

. 265,418 

1895 . 


. 37,829 

1904 . 

. 270,!M2 

1896 . 


. 60.030 

1906 . 

. 468,003 

1897 . 


. 63.790 

1906 . 

. 541,967 

1838 . 


. 68.755 

19«7 . 

. 581,146 

1899 . 


. 94.077 

1908 . 

. 563.672 

1900 . 


. 86.090 

1909 . 

. 677.090 

1901 . 


. 844.976 

1910 . 

. 740.210 

1903 . 


. 319,567 

1911 . 

. 824,345 


Of tbe total in 1911 the production of liosic pig iron amounted to 
413,303 tons, and the production of Bessemer pig iron to 186,274 
tons; the remaining 224,768 tons being chiefly foundry iron. On 
December 31, 1911, Canada hod eighteen completed blast-furnaces, of 
wliich twelve were in blast ami six idle. Of tbe furnaces-in blast, 
one was operating on charcoal. Of the eighteen farnuees in existence 
fourteen usually use coke for fuel and four use charcoal. In addition 
two coke furnaces were being built on December 31. In 1911 the 
Canadian furnaces consumed 1,565,877 tons of iron ore and 41,427 
tons of mill cinder, scale, and turnings. The average consumption of 
iron ore, mill cinder, and scale in 1911 per ton of pig iron made was 
1'94 tons. • 


VI.— CHINA. 

Iron Trade Statistics.—G. E. Anderson* gives particulars re- 
Luting to the production of iron and »teel in Chinn in 1910. The 

> KulUtxn of Hu Amtritcn Inn and Sunl Aatciatim. vol. »WL pp. 18. 37. 

* Ibid., p. 4. 








620 


THE IKON AND STEEL INDUSTRIES 


only modem steelworks in China which produce iron mid steel upon a 
commercinl lm.-is, are the Hanyang Iron and Steelworks, near Hankow. 
This plant produced in 1910. 130,000 tons of pig iron and 33,248 tons 
of steel rails and fastenings. Of the pig iron made in 1910, 14,034 
tons were shipped to Shanghai and other points, 29,167 tons to 
Japan, and 15,100 tons to the United States. 


YU.— FRANCE. 

Mineral Statistics. —The output of coal and anthracite in Prance ’ 
in 1911 amounted to 38,643,561 tons, and the production of lignite 
was 706,480 tons. 

The production of iron ore in France in 1910 amounted to 
14,046,982 tons.* 

Iron Ore in French and German Lorraine.—A. Guillain * deals 
with the production and consumption of iron ore in German and 
French Lorraine. The oolitic iron ore deposits, usually known as 
minette, occupy the west of the Moselle, the largest area being in 
France. The ore is specially suitable for the manufacture of steel 
by a basic Bessemer process. This process, although invented U) 
England, is even more suitable for the treatment, of the minette ore* 
of Lorraine than for the Cleveland ore, for which it was originally 
designed. The importance of the deposits is shown by the fact that 
in 1910 German Lorraine produced 2,687,000 tons of pig iron; 
Mourthe et Moselle, 2,773,000 tons; Luxemburg, 1,682,000 tons; 
the Snrre district, 1,198,000 tons; Belgium, 1,803,000 tons; and 
Westphalia, 6,515,000 tons. The pig iron produced in German 
Lorraine, in the Meurt.be et Moselle district, and in Luxemburg is 
made wholly from minette. Except for a small proportion, which i* 
made from Spanish ores, the Belgian production is also chiefly from 
the minette ores; while in Westphalia. 67 per cent, of the output 
is basic pig made from minette ores. Prospects of fresh develop¬ 
ments of the iron ore resources of the district are exceedingly 
promising. This specially applies to the ores of Briey, wliich are 
richer in iron and in calcium than the ores of German Lorraine and 
Luxemburg. 

The quantities of ore available have been variously estimated from 
time to time. Twenty years ago it was believed that the German area 
was richest; the recent researches have, however, demonstrated that 
the contrary is the case. 

» r*m it* in Fargtr it Frame, Bulletin No. 3093; level etui CmI Train Rr.irv, 
rob lxxnv. p. 375. 

* Cemit/in Forfei it Fra nee. Bulletin No, Sill. 

» Revue it MitolUrgu. At/mvim, »ot viii. pp. 748-786. 
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Kohlm&nn gives the following figures for the Meurthe et Moselle 
district: — 


Nancy 

Longtary 

Briey 

Crutnes 


Millions of Tons. 
300 
300 
. 3000 

. 600 


Total. 8300 


This relates to the siliceous ores of the areas named. For German 
Lorraine the following valuations have been made :— 


Kohlmann's Estimate*. 



Calcareous. 

Siliceous. 

North of Fentsch (Aumeti Anweiler) 

Between Orne and Fenuch .... 

South of Orne. 

Millions of Tons. 
868 

3S5 

180 

Millions of Tons. 
353 

iso 

Totals ..... 

1438 

413 


This gives a rough average of 1840 millions. On the other hand, the 
Duisburg Chamber of Commerce compiled the following estimate:— 

Millions of Tons. 


Calcareous ore.1600 

Siliceous ore ...... . 1400 

Lean ore.380 


Total.3j») 

These figures are, however, exaggerated. Bailly estimated the avail¬ 
able ores of the German Lorraine region as 1100 millions. According 
to Tille the percentage of iron in the German ore has fallen somewhat 
dnring recent years, the impoverishments amounting to ubout 4 |H*r 
cent. The French ore, when smelted in the blast-furnace, gives a 
yield of about 6 per cent, higher than that of the German ore; its 
average iron contents is 3 per cent, higher. On the other hand, other 
estimates seem to show that the French ores average from about 5 to 
8 per cent, higher in iron, and could therefore be advantageously sub¬ 
stituted for those of Germany and Luxemburg. 

The concessions in German territory are naturally taken up by the 
large ironmasters; the Wendelx cover a quarter of the whole area. 
The Stumm group- have also acquired important concessions, but more 
widely scattered than those of the Wcndels. A table is given showing 
the distribution of the region amongst the most important conces¬ 
sionaries, with esti unites of the available resources of each concession. 
The French mining low has rendered it possible for the concessionaries 
in French Lorraine to acquire ore areas on more advantageous terms, 

1912.—L 28 
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but a good many of tho French beds are also held by German and 
Belgian companies. Indeed it may bo said that the works of south¬ 
western Germany and of Luxemburg have predominating interests m 

French Lorraine. . ,. 

Details are given as to the cost of mining, and comparative tame- 
have been compiled, showing the wages jmid for labour in the different 
districts. A table is also given showing the production of nunette for 
every year since 1871. Tho output has steadily increased, and the 
figures compiled for the first half of 1911 show that the increase is 
being maintained. According to Kohlmann, the tendency to export 
minette ores from French Lorraine to Germany will increase steadily 
owing to the higher quality of the ores in French Lorraine, and in 
particular of those of the Briey district. Estimates are made of the 
futuro production of ore and the future requirements of this region, 
and comparisons instituted lietweeu the ore industry of the minette 
region and that of Sweden. 

Mineral Statistics of Algeria. -Dussert i gives the following 
statistics relating to the iron ore production of Algeria. Tho nroouut 
produced during the year 1910 amounted to 1,104,909 tons, of which 
859,533 tons were obtained from open quarries and 245,374 tons from 
mines. The following table gives the production for each year, com¬ 
mencing with 1905:— 

Year. Tons. 


11X0 . 





. 682.055 

1906 . 






15KJT 





. 903.022 

1908 . 




# 

. '.*49,556 

1900 . 





924.836 

1910 . 







The bulk of the ore is exported to Great Britain and Germnuv. The 
following table shows the distribution of the product duriug the years 
1905-1909 inclusive :— 



1906. 

1906. 

1907. 

1908, 

1909 

France . . . 

Germany ... 

England ... 

Austria .... 
Sweden.... 
Italy .... 
Belgium 

North America . . 

58,783 

210.019 

286,702 

i',836 

52.887 

329,035 

366,925 

14.686 

65,035 

344.264 

430.716 

41,467 

824 

90 

54.367 

22.000 
276,847 
495.2t8 
24.250 
1,075 
1.495 
100 

19.568 

237.920 

547.745 

23.790 

SO 

47.496 


The number of workmen employed at ore mines and quarries in 
Algeria in 1902 is close on 5000. 


1 .limiti itt .1 tint, 11th S#rie, rot I. pp. 252-254. 
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Iron Trade Statistics.—The production of pig iron in France 1 
during 1911 amounted to 4,426,469 tons, including blust-furnace cast¬ 
ings. The following table shows the various descriptions produced 
in 1911:— 




Tons. 

Blast-furnace eastings 


. 118.362 

Foundry pig iron 


. 718,IOC 

Forge ., .. . 


. 566,196 

Bessemer „ 


. 104.906 

Basic 


. 2,777.201 

Special (without manganese} 


65,277 

Spiegel risen, ferro-tnanganese. 

Ac. • 

16.770 

Other descriptions . • 


. 10,066 

Total , 

• • 

. 1,126.469 


The production of steel ingots in France* in 1911 amounted to 
3,680,613 tons, as against 3,390,309 tons in 1910. The output of 
ingots during 1911 is tabulated below:— 

Tooi. 

Add Bessemer ...... 75,158 

Basic Bessemer.2.389.353 

Add open-hearth ..... 1.185,315 

Crucible and electric.30.758 


Total .... 3.080,613 


The outpnt of semi-manufactured steel during 1911 is summarised 
in the following table:— 

Trots. 

Basic Bessemer ...... 1.398,6!® 

Add Bessemer ...... 1.252 

Add c pat-hearth ..... 332.215 

1.6*7 


Acid open-I 
Crucible 
Electric furnace 


Total 


1.919 

1,711.118 


Of the total, 1,149,176 tons were blooms anil 594,972 tons were 
billets. 

The output of finished steel products in 1911 totalled 2,638,484 
tons, details of which are as follows:— 



Tons. 

Rails. 


Tires ....... 

*i;«« 

Joists. . . 

Shapes. 


Merchant steel. 


Rods....... 


Wire. 


Tubes and pipes .... 

. 45.060 

Tinplates. 


Sheets and plates .... 

. 110,234 

Forgings. 

. 69.038 

Castings. 


Total . . . 

. 2.638.184 


1 CemiU del Fargo dl Frame. Bulletin No. 3090. 
» Ihd.. No. 8096. 
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P. Anglfes d'Anriac 1 reviews the conditions of the iron and steel 
industry in the north of France, and forecasts the direction in which 
future developments will he made. One-third of the whole produc¬ 
tion of wrought iron and one-quarter of the whole production of ingot 
steel in France are made in the northern district, in which 240,000 
workmen are employed, while the consumption of raw materials 
amounts to 750,000 tons of coke, 800,000 tons of coal, and 1J million 
tons of ore. The progress of events from the year 1870 to the present 
time is noted and includes the introduction in the north of France 
of the Bessemer process, the improved open-hearth process, and the 
basic process. 411,000 tons of basic steel were produced in 1910, out 
of a total Bteel production of 441,000. The production of acid steel 
is, therefore, only about 3 per cent, of the total. 


VIII.— GERMANY. 

Mineral Statistics.—The production of coal* in Germany during 
1911 amounted to 160,742,272 tons. The quantity of lignite pro¬ 
duced totalled 73,516,789 tons, and the make of coke was 25,405,108 
tons. The manufacture of briquettes amounted to 21,827,667 tons, of 
which 4,990,988 tons were coal briquettes and 16,836,679 tons lignite 
briquettes. 

Coal Reserves. —F. Freeh, 3 who has devoted much time to the 
study of the world’)* coal supplies and their possible duration, has 
recently put forward more detailed statements regarding the coal 
deposits of Germany. As far as can be gathered from tho present 
somewhat inadequate data, the two most important German coal¬ 
fields, those of Upper Silesia and the Westphalian district, each 
boost a quantity of coal which, in any case, may be estimated to 
equal the aggregate coal wealth of England. Added to these is the 
Saarbrucken district, extending towards Pfalr. and Lorraine, with 
7000 to 8000 million tons of coal, with the narrower Saar district, 
besides tho Lower Silesian and the Saxon coal deposits, which, how¬ 
ever, are of smaller importance. Owing to the marked compactness 
of the German coal-beds and their comparatively limited areas, an 
increase in production, such as has taken place in Great Britain and 
the United States, is not possible, ami the time when the two principal 
German coal-fields will be exhausted may therefore be put in* more 
than a thousand years distant. 

Iron Trade Statistics. —The output of pig iron 4 in Germany and 
Luxemburg during 1911 was the highest on record, amounting to 

* Comftes Rendus de la HtcUU de t Industrie Slin/rale, 1911, pp. 507-409. 

* ftu* and Coal Tradii Review, vol. Ixxxiv. p. 212. 

* Engineering, vol. xdii. pp. 402-463. 

* I'emn deutwher Risen- und Stakl-lndustruUer, 1911, No. 16 ; Iron and Coal 
Trade: Review, vol. lxxxiv. p. 54. 
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15,534,223 tons, a* against 14,793,325 tons in 1910. The production 
of the various kinds during 1911 was as follows:— 


Tons. 

Foundry.3,003.583 

Bessemer. 374,155 

Basic.9,851,113 

Spiegeleiscn, ferro-mangancse, Ac. . . 1,733,280 

.611,792 


The total production of steel 1 in Germany during 1911 showed on 
advance of 1,320,695 tons as compared with the previous year, being 
15,019,333 tons as against 13,698,638 tons. The production of the 
different classes of steel during 191 1 was as follows : — 

Ingots— Tons. 

Acid Bessemer ..... 187,359 

Basic .. 8,040,164 

Add open-hearth .... 281 877 

Bade. 5,501.147 

Castings— 

Aad. . 102,018 

Basic. 167.354 

Crucible. 78,700 

Electric. 60.654 


Total .... 15,019,333 


The 187,359 tons of acid Bessemer ingot* were produced at 3 works, 
while 24 works contributed to the 8.640,164 tons of basic Bessemer 
ingots. Acid oj>en-hearth ingots were produced at 15 works, while 
67 works produced the basic open-hearth ingots. Acid steel castings 
were produced at 40 works and basic steel castings at 44 works, 7 of 
these works producing both varieties. Tho total number of works 
producing steel was 120. 


German Tinplate Industry. —The Tinplate Sales Association of 
Cologue, which has recently celebrated the fiftieth year of its exist¬ 
ence, has published a memorial, showing the development of the tin¬ 
plate industry in Germany during that period, an abstract of which 
has appeared. 2 


IX.— GREECE. 

Mineral Statistics —The official statistics* for 1910 show that 
the total iron ore production in Greece during the year amounted to 
608,000 tons, to which the islands contributed the major quantity, 
Seripbos alone being credited with 174,IKK) tons, containing 51 per 
cont. of iron. Tho output of manganiferous ore was 35,000 tons, and 

l Vtrtia irutichcr Kim- uni Stahl-Inimtritlltr, 1912, No. 4; /run ani Coal 
Truitt Ktvitw, vol. Ixxxiv. p. 494. 

s iron ani Coal Train Kerim, vol. Ixxxiv. p. 649. 

* /Hi., vol. lxxxui. p. 885. 
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the production of iron pyrites was 27,560 tons (conUining ii per 

cent of sulphur), while mixed sulphur ores amounted to 

Chrome or<* from Thessaly were worked to the extent of 7000 tons. 


X. — HOLLAND. 


Mineral Statistics.—It is stated* thatitbe output of! th*I coal¬ 
mines iu the Netherlands in 1910 was 1,292,269 tons. Of the six 
mines which were in operation during that year, five were workeu 
bv private enterprise and one by the State. According to a to 
published by the Government Institute for the Geologtcal Explora¬ 
tion of the Netherlands, the coal reserves of tliat country, at a work¬ 
able depth, are estimated at 3,000,000,000 metric tons, and those at 
a depth of from 1200 to 1500 metres, which are to be regarded as 
a reserve for the future, are estimated at 1,500,000,000 tons. 


XI.— JAPAN. 

Mineral Statistics —In an historical account of the mining 
industry of Japan, K. Nishio* gives statistics relating to the pro¬ 
duction of manganese ore. graphite, coal, and petroleum, 
the following figures relating to the output from the years to 

1908 are taken :— 


Year. 

Manganese Ore, 
Long Tons. 

Graphite, 
Long Tons. 

Coal. 

Lung Tons. 

Petroleum, 

Darrels. 

|A92 

4.913 

59 

3,129.409 

82,833 

18 ( JCt 

3,958 

27 

3.271,244 

106.1W3 

1894 

13,004 

1U66 

4.214.253 

172.711 

1895 

1(1,753 

428 

4.718,914 

169,873 

IH'.Hj 

17,559 

210 

4,946,668 

236319 

1897 

13,097 

382 

6,131.628 

262,571 

1898 

11.250 

339 

6.640.468 

391.015 

1899 

11,008 

52 

6.653,476 

539.098 

11) «u 

16,498 

92 

7.362.891 

871.740 

1901 

15.928 

86 

8,879,511 

1,117.995 

1801 

10,63s 

96 

9,656,290 

997.543 

1903 

5.489 

111 

10,021.893 

1.210,340 

1904 

4,216 

212 

10.649,026 

1.220,744 

1905 

13,723 

204 

11.467,845 

1.352,574 

1900 

12,572 

138 

12.892.721 

1571.367 

1907 

20.153 

101 

13,736,182 

1,727.298 

1908 

10.837 

147 

14.761.476 

1.872.592 


i Board or TraJt Journal, vol. U*»i. p. R4I. 

a Built till i -f Hu A merit am Institute j/ Mining Enginttn, 1912. p. IS. 
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XII .—ROUMANIA. 

Mineral Statistics- —It is stated 1 that a total of 1,404,400 metric 
tons of petroleum were delivered to Roumanian refineries in 1911, as 
against 1,215,300 metric tons in 1910. The yield of petroleum in 
the refineries in 1911 wns as follows: Benzine. 260,653 metric tons; 
burning oil, 312,711 metric tons; mineral oil, 24,703 metric tons; 
und residue, 783,136 metric tons. Nearly half of the production was 
used iu Roumania. 


am.—R ussia. 

Mineral Statistics. —-The production of iron ore in Russia during 
1910 amounted to 5,637,635 tons.* The coal output of IiuBsia in 
Europe during 1911 was 23,197,000 tons. Of the total, Douetx pro¬ 
duced 16,380,000 tons, Poland 5,792,000 tons, Urul 797,000 tons, 
Moscow 174,000 tons, and Caucasus 54,000 tons. The foregoing 
figures of the coal production do not, as indicated, include Turkestan 
and Siberia. The production from those districts is something over one 
million tons per annum, the figure for 1910 being 1,244,000 tons. 


Iron Trade Statistics. — B. Simmersboeb,* in an article describ¬ 
ing the rise anil progress of the Russian iron industry, gives the 
following statistics of the manufacture of pig iron and steel;— 

Pig Iron 


Year. 

Tons. 

Year. 

Tons. 

1890 . 

888.00ft 

1905 . 

. . . 3.660,000 

1895 . 

. 1.402,000 

190G 

. 2,619,000 

1000 . 

. 9,848.000 

1907 . 

. . . 2,723.000 

1901 . 

. 2,783,(SO 

1908 . 

. 2.749.0U0 

1W>3 . 

. 9,521.000 

1909 . 

. . . 2 817.000 

1903 . 

. 2,406.000 

1910 . 

. 3,040,000 

1904 . 

. 2.930,00ft 




In 1910 there .wore produced 2,846,000 tons of open-heartli steel, 
405 180 tons of Bessemer steel, and about 97,000 tons of wrought 
iron. The finished products amounted to 2,977,800 tons, including 
190,770 tons of girders and sleepers, and 480.000 tons of rails. 

The output of pig iron in Russia during 1911* amounted to 
3,521,000 tons as against 2,983,000 tons in 1910. With the excep¬ 
tion of the North, where only a negligible quantity of pig iron is 


1 NatkrickUn fur Handel und Industrie (Berlin), March 15, 19U; Beard of Tradt 

W(^7Vra.fc Rtiiem, voL lxxxiy. P-1031. voI.1xmy. p. 93. 

» OesterreUhiscke '/.eitsekrift. voL lix. pp. ,01-1-7-3. 

* Iron and Coal Trades A’eview. vol. Ixxxiv. p. 8< 7. 
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smelted, each district participated in the increase of production, 
following table shows the production in 1911 by districts:— 

Tons. 


South Russia 
Ural . . 

Moscow . 
North 
Poland . 


3.575.000 

721.000 

84.000 

1.000 

540.000 


The 


The output 
follows :— 


Total .... 3,521.000 

of steel of each of the districts during 1911 was as 

Tons. 


South Russia . . 

Urol. 

Moscow . . 

Volga . 

North and Baltic 
Poland .... 

Total . 


. 2.006.000 
. 771.000 

170.000 
163.000 
. 317.000 

448,000 


. . . 5.874.000 


Of the total steel produced in 1911 about five-sixths was open- 
hearth steel. The total output of finished iron and steel in 1911 
amounted to 3,258,000 tons, and comprised the following:— 


Joists and channels 


• 


Tons. 

. aw.ooo 

Merchant bars . 


e 

• ♦ 

. 1,179,000 

Rails . 


• 

• • 

. 497.000 

Wire. 


• 


. 241.000 

Roofing sheets . 


• 


333,000 

Plates and sheets 


■ 

• • 

. 369,000 

Unenuraerated . 



• * 

. 373,000 

Total 

• 

• • 

. 8.258.000 


Iron Trade Statistics of South Russia— Complete figures re¬ 
lating to the production of iron and steel in South Russia during the 
year 1911 are available. 1 The pig iron production wna its follows;— 

1911. 

Torn. 

Foundry pig.510,000 

Basic ana Bessemer.1.788,000 

Other descriptions.69,000 


Total .... 2,376.000 

The production of steel ingots in 1911 was as follows:— 


1011 . 

Tons. 

Open-health. 1.473.000 

Bessemer (acid).469,000 

Bessemer (basic). 164.000 


Total .... 2 . 096.000 


l tram and Coal Tradti Krvirm, vuL IxxsW. p. 767. 
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XIV.— SPAIN. 

Mineral Statistics. -The output 1 of bituminous coal in Spam 
duriu* 1010 amounted to 3,000,056 tons, as against 3,662,573 tons in 

1909 f the anthracite output totalled 211,958 tons, and there were pro- 
duced also 245,518 tons of lignite. The production of iron ore in 
1010 was 8,650,000 tons, being slightly in excess of the pro. 1 action 

* n The'total make of eke in Spain during 1010 was 521,078 tons,* 
comprising the following amounts from the different province*. 
Vizcaya 261,967 tons; Oviedo, 155,655 tons; Santand er, 4 1,7 _ 

of briuuettes in the different provinces was as follows. O'ledo, 
139,000 tons; Leon. 98,787 tons; Valencia, 85,284 tons; heiulle, 
77,163 tons; Cordova, 57,225 tons; Saragossa (lignite briquettes), 
1 7*432 tons—total, 474,891 tons. 

Iron Trade Statistics.-Tho pig iron production’ of Spain in 

1910 amounted to 373,000 tons, or less than in any year since 190„ 
The production of rolled iron, wrought iron, and forgings in 1910 »as 
68 100 tons; that of rolled steel was 171,600 tons; and that of steel 
foVgiugs and castings 11.200 tons. Other manufactures of iron and 
steel to the amount of 16,400 tons were made. 


XV.— SWEDEN. 

Mineral and Iron Trade Statistics- -Particulars are given i of 

-ex 

Ssr■srfiS? -' 

was the g - The output of puddled iron amounted 

»•?““£m.pnSuction J „Ll i.go» i» 1911 w 

«l,K^TwWcl. 93.800 U.O. «• 3 “ 7 - 200 

open-hearth. 

I Inn and Coal Tndti gawkm, vol. I»xrir. p. 916. 

» Ihd., p. 957. 

‘ | ^{^A^An^Ur. 1912, p. 135: Coal Trad* AWw. 

vol Unxiv. p. 205. 
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XVI.— UNITED STATES. 

i Statistics.—'The total output of coal in the United States 

dunng 1911 u- estimated at,483,192,888 short tons, of which 8tl.H90.065 
tons were anthructo and 390.996.823 tons bituminous. The output 
of iron ore amounted to 41,815.471 tons, and the production of i.etro- 

l~mw..a08,Ml384 M Th ere w..„e», pido«d uSSH^t 

Acconling to E. W. Parker* the production of coke in the United 
States in 1910 amounted to 41,708 810 short t» n . ;, \i ' 

o,^±»s£ 

estobhshmentH in existence at the end of 1910, representing 104 410 

894 oven "’ *"*• abandoned 
weJT3« U M-H*'ht .^b^braents were idle during 1910. There 

Tn Turn TK y ; P T iUCt ‘•'obe-ovens completed and 1200 building 
in 1910. The production amounted to 7 Ixk 7 Qi f . p 

were Hoppers and 300 Didier ovens A t-v .1 u . ''"S’ Jul ; 

h afo5S"iJSI^if« n - T ' Da **, u “„tp., 

lit l mi tea States in 1910 amounted to 4> 09 

compared with 183,170,874 barrels in 1909 Of th e £S 
produced 73.0M.5ftft A. ® tob “ California 


produce.! 73,010,500 barrels, Oklahoma V'o‘>8 718v! ^ 

Illinois 33,143,362 barrels. Durim' the ve"ar th ^ , 

fuel oU by the railroads of the S Sutes wj u SS'iKT t 

JiSHr&E lwm 

35.945 net tons of arnon.hou, '!l r ,hi, 8U *“ in 1910 wn8 

filler, and 5,590,£92 lb. (Irosnf»»7’ f nmu ‘ 1 ** f °r fertiliser 

tioN of ^i«Si i Tl,. po,.l,«. 

6,000,000 lb,. (30.61 ns, io„) } or *' ha '' 

13,1.9,100 llw, (6574 not ton.) in nm, ^ *“"• " lcr "' vs ^ J “ 

“** - * ^ - *• WSSS AffSL'Sgsm.tS 

: f&.s&*£&££&£ “ - b, 

4 Iron Ap, vol ltixriii. p. Vn) 

* BnlUttn of tkt Amrri.an Iron anj SterJ Aviation, vol. xlvi. pp. jj.jj 


STATISTICS. 


631 


against 27.303,567 tons in 1910. The total in 1911 comprised 
the following: Bessemer and low-phosphorus, 9.409,107 tons; Imaie, 
8,520,029 tons; charcoal, 278,676 tons; spiegeleisen and fcrro* 
manganese, 184,717 tons. The number of furnaces in blast on 
December .11, 1911, was 231, and the number idle, including furnaces 
being rebuilt, was 235. 

According to the American Iron and Steel Association 1 the pro¬ 
duction of all kimls of steel ingots and castings in the United States 
in 1911 amounted to 23,675,501 tons, as against 26,094,919 tons in 
1910. Of the total production in 1911, 23,029,479 tons were ingots 
and 646,022 tons were castings. The following table gives the pro¬ 
duction of ingots and castings by processes :— 


Acid open-hearth 
Basic „ 

Acid Bessemer. . 
Crucible .... 
Electric and miscellaneous 

Total 


Tons. 
912.718 . 

. . . 14,685,932 

7,947.849 
. . . 97,663 

81,349 


. 23.675.501 


Of the total production of Bessemer steel in 1911, 7,893,961 tons 
were made by the standard Bessemer process. 26,219 tons by the 
Tropenas process, and 27,669 tons by other modifications of the 
Bessemer process. 

The production of steel by the electric process in 1911 amounted to 
29,105 tons, of which about 27,227 tons were ingots and about 1878 
tons were castings. 

The production of steel in 1911 by various minor processes amounted 
to 2244 tons. 

According to statistics collected by the American Iron ami Steel 
Association * the production of all kinds of rails in the United States 
in 1911 amounted to 2,822,790 tons, as against 3,636,031 tons in 1910. 
Included in the total for 1911 are 205,409 tons of girder and T-steel 
rails for electric and street railways. Of the total iu 1911, 1,138,633 
tons were Bessemer, 1,676,923 open-hearth, and 7234 tons mis¬ 
cellaneous. 


Census of United States Iron Industry. — E. D. Durand » has 
issued statistics of the iron and steel industries of the United States 
for 1909. There were 208 establishments engaged in the manufacture 
of pig iron in 1909, a decrease of 16 from the number in 1899, but an 
increase of 17 over that of 1904. The employees, including salaried 
officials, clerks, and wage-earners, in 1909 numbered 43,013; in 1904, 
37,414; and in 1899, 41,121, an increase of 15 per cent, for 1904-1909, 
and a decrease of 9 per cent, for 1899-1904. 

There were 388 completed furnaces with a daily capacity of 101,267 

• Bulletin of the American Iron anJ Steel A natation . rol. xtri. p, 44. 

* Ihd., p. 37. 

» Preliminary Cenna Returns: Iron Age. voL Ixxxviii. pp. 470-I7L 
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tons in 1909, compared with 343 completed furnaces with a capacity 
of 78,180 tons in 1904, and 343 with a capacity of 54,423 tons in 1899, 
an increase for the decade of 13 per cent, in number and 86 per cent, 
in capacity. 

There wore 446 establishments in 1909 equipped for the manufac¬ 
ture of steel or for the hot rolling of iron or steel, compared with 415 
establishments in 1904 and 445 in 1899. The employees, including 
salaried officials, clerks, and wage-earners, in 1909 numbered 260,123 ; 
in 1904, 221,892; and in 1899, 190,703; an increase of 17-2 percent, 
for 1904-1909, and of 16-4 per cent, for 1899-1904. 

The daily capacity of rolled iron and steel on double turn of the 
rolling-mill establishments was 150,000 tons in 1909, 106,000 tons in 
1904, and 87,000 tons in 1899, an increase for the decade of 73 iter 
cent. 

The wire industry in 1909 employed 19,931 persons, including 
salaried officials, clerks, and wage-earners ; in 1904, 5318 ; and in 1899, 
1697; an increase of 274 8 per cent, for 1904-1909, and of 213-4 per 
cent for 1899-1904. There were 42,799 wire-drawing blocks, of 
which 21,081 were reported in kind (rod, 4265; redrawing, 7043 ; and 
fine wire, 9<73), and 21,718 with kind not reported, with a total 
annual capacity of 3,146,000 tons; 4428 wire nail machines with an 
annual capacity of 18,757,000 kegs, and 446 woveu-wire fence machines 
with an annual capacity of 481,000 tons of fencing. 

There were 31 establishments reporting the dipping of tin and terne 
plates in 1909, compare.! with 36 in 1904 and 57 in 1899; of these, 
5 in 1909, 9 in 1904, and 22 in 1899 purchased their black plates, the 
balance rolling them. The employees, including salaried officials, 
clerks, and wage-earners, in 1909 numbered 5845 ; in 1904, 5131 • and 
in 1899, 4004; an increase of 13-9 per cent, for 1904-1909 and of 
28-1 per cent for 1899-1904. ’ 
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XVII .—COMPA RA TIVE TA BLES. 


The World’s Production of Coal, Iron, and Steel. r For pur- 

poses of comparison the following summary of the production of coal 
in the principal countries of the world is appended:— 


Country. 


United Kingdom . 
Australasia— 

New South Wales 
Queensland 


Victoria . 

Western Australia 
Austria-Hungary, coal 

„ lignite 

Belgium 

Canada (short tons) 

Chile . 

China ... 

France . 

Germany and Luxemburg, coal 
„ lignite . 

Holland 
India . 

Italy . . . 

Japan . 

Natal . 

Rhodesia. Southern 
Russia . 


Spain . 

Sweden . 
Transvaal Colony 
United States 


Year. 

Production in 
Tons. 

mi 

271.878.924 

1911 

8.691.(104 

1910 

871,166 

1909 

66,162 

1910 

369.059 

1910 

262,106 

1911 

14.861,314 

1911 

S5.S96.429 

1911 

23,125.140 

1911 

11,291.563 

1909 

898.971 

1909 

12 840 000 

1911 

38.643.661 

1911 

160.742,272 

1911 

73,516.789 

1910 

1.292.889 

1910 

12,017,413 

1910 

862,153 

1910 

16,835.285 

1910 

2.296.646 

1910 

180.068 

1911 

23.197.000 

1910 

3,600,066 

1910 

302,786 

1909 

3,312,413 

1911 

483.192.888 


A similar summary showing the production of pig iron is as 
follows:— 


Country. 


United Kingdom . 

Australasia, New South Wales 
Austria-Hungary 
Belgium 
Canada. . 

China . 

France . 

Germany and Luxemburg 
India 
Italy . 

Japan . 

Mexico . 

Russia . 

Spain . 

Sweden. 

United States 


Year. 

Production in 
Tons. 

1911 

9,718,638 

1911 

24,668 

1910 

1,967,000 

19U 

2,106,12» 

1911 

917,535 

1910 

130,000 

1911 

4.426,469 

1911 

16,534,223 

1909 

30,300 

1910 

303,239 

1910 

88,206 

1900 

68.800 

1911 

3.521.000 

1910 

373.000 

1911 

833,800 

1911 

23,649,344 
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The World's Supply of Iron Ore— P. Angles d’Aunac discuses 
the evolution of metallurgical processes in their relation to the world « 
supply of iron ores. It is in the manufact ure of open-hearth steel that 
the greatest progress has been made. Throe countries together furnish 
more than four-fifths of the total steel production of the world, namely, 
the United State*, Germany, and Great Britain. Diagrams and curves 
are given showing the progress in each country. The Bessemer pro¬ 
cess requires pig iron of a definite chemical composition which may 
not vary within certain relatively circumscribed limits; while the 
open-hearth furnace, on the other hand, can be adapted to suit pig 
irons of widely varying composition, and the ease with which 
various grades of steel cau be made in the open-hearth furnace con¬ 
fers upon that process a degree of elasticity which the Bessemer 
process lacks. On the other hand, the open-hearth process is at a 
disadvantage with the Bessemer process owing to the fact thnt the 
working of a charge takes longer and that the costs are higher. In 
America the open-hearth process is daily gaining ground. In 1910 it 
represented 63 7 per cent, of the total production, 59 per cent, being 
basic open-hearth steel ami 4-7 acid open-hearth steel. The special 
conditions which have led to these circumstances in the United States 
are discussed. In Germnny conditions are quite different. Four-fifths 
of the iron ores treated within the Zollvercin are obtained from Alsace- 
Lorraine and from Luxemburg, or, in other words, from the minette 
district where the ores are exclusively of a type which only lends 
itself to treatment by the basic process. On the other hand, the pro¬ 
duction of iron ore in Germany is far short of the consumption, and a 
lari:e proportion is therefore derived from other countries, of which 
Sweden is the principal and Spain the next. In 1910 the imports of 
Swedish ore into Germany amounted to 3,249,000 tons, while the 
Spanish imports were 2,861,000. The production from French 
Lorraine is rapidly growing, and now amounts to 18 |ier cent, of the 
total import, 1,774,000 tons having been imported in 1910. The 
French imports are mostly derived from the Briey field, and are 
similarly of the minette type. Indeed, the minette deposits of French 
nnd German Lorraine constitute the largest ore reserve in the world, 
and furnish a guarantee of the continued uduption anti success of 
the basic process in France, Germany, and Luxemburg. In Great 
Britain conditions differ once again, being controlled by two factors, 
the preference which is evinced in that country for acid processes, and 
the insufficiency of the native ore supply, which necessitates the im- 
nortation of foreign ores of a relatively pure description. In 1909 the 
consumption of iron ore in Great Britain was 21,642,000 tons, whereas 
the whole production was only 15,220,000. The difference, 6,422,000, 
was derived from Spain (which furnished three fourths of the imports, 
r 4 802 000 tons), Algeria (which furnished 489,000 tons), and Sweden 
Upon which 295.000 tons were obtained). Of the ores derived from 
these countries it is mainly the pure magnetites which ore sent to 

l Bulktht it U StcUUit Tlninitru hfintralt, vot *v. pp. 441-474. 
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England, while the phosphoric qualities are imported into Germany. 
As the supply of ore suitable for acid processes is not only distinctly 
limited, but is gradually approaching exhaustion, the tendency in 
Great Britain will obviously be in the direction of a further adoption 
of the basic process, and already imports of ore have been made from 
Brioy into the Cleveland district. It may be foreseen, therefore, that 
while the npen-he&rth process will maintain its proportional preponder¬ 
ance, the amount of acid steel made by this process will diminish 
gradually, while the proportion of basic open-hearth steel would 
increase! During the years 1900-1910 the percentage of basic open- 
hearth steel increased from 6 j er cent, to 20 3 per cent., while the 
amount of acid steel fell from 58-4 to 44" 1 per cent, although the 
total percentage of open-hearth steel increased from 64‘4 to 70'4 per 
cent. On the other hand, the percentage of Bessemer steel fell from 
25‘G per cent, to 18"9 per cent. Summarising the statistical informa¬ 
tion available, it will be seen that whereas in the year 1900 the United 
States, Germany, and Great Britain produced 21,732,000 tons of ingot 
steel, of which 12,210,000 tons were acid steel and 9,522,000 were 
basic steel (56 2 per cent, acid and 43 8 |>er cent, basic), these three 
countries in 1910 produced no less than 45,755,000 tons, of which 
14,958,000 tons were acid steel and 30,797,000 were basic steel (32 per 
cent. acid. 67 per cent, basic). During 1900-1910 the percentage of 
arid Bessemer steel fell from 38-2 per cent, to 23-8 per cent., and tliat 
of basic steel from 21'3 per cent, to 19 per cent., while the production 
of open-hearth steel rose from 40'5 per cent, to 57 2 per cent. At 
the present moment the production of basic open-hearth steel alone 
amounts to 48 3 per cent, of the total production. The victory of the 
open-hearth furnace over the converter and the noteworthy pre¬ 
dominance of the basic processes over the acid processes are thus 
clearly brought out by the experience of the last ten years. The 
question arises, to wh.it extent this tendency will go! The answer is 
complicated by the intervention of electrical processes, for it is in¬ 
dubitable that the employment of electric furnaces in connection with 
Bessemer converters in America will considerably extend the scope of 
the Bessemer process by solving the difficulties which arise owing to 
the occurrence of phosphorus iu Lake Suj>erior ores. On the other 
band, in the Old World it may be foreseen that the electric fur¬ 
nace will act as an adjunct for the finishing of basic steel, and 
will serve in lieu of steel now produced in the open-hearth furnace. 
Although the production of electric steel is rapidly increasing, it is 
still not n factor of importance. In 1910 the United States produced 
53,000 tons,as against 14,000 in 1909; while the production in Germany 
was 36,000, as against 18,000 in the previous year. It is, however, 
not to be supposed that the possibilities of the electric furnace have 
been exhausted. In conclusion, the forecast is made that, except 
for the eventual support lent by the electric furnace to converter 
methods, the basic open-hearth process will steadily increase in 
favour. 
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World’s Production of Tungsten.— U. Leiser 1 gives the follow- 
mg table showing the world's production of tungsten in 1910 :— 


North America 
Australia . 
Australia . 
India and Japan 
South America 


Spain - . 

Portugal 
Germany . 
Austria 
Great Britain 
Other countries 


Tons. 

1300 (concentrates) 
1200 

120 (scheelitr) 

12i> (concentrates) 
10H0 

240 „ 

1300 

as 

4#U „ 

180 


5800 


1 Chtmiktr /.fitting, vot, ttsrv. pp. 665-601 
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-steels in sea water, 253,275. 

Corrugation of rails. 57a 

CoRaropiTtm (Coubkidge), notes on bloom of Roman Iron found at {Paper), 
118, 

COUNCIL, ballot for election of Members of, 1. 

-report of. 5. 

Cow PER STOVE, 497. 

CRANK SHAFT, failure of, 5*14. 

Critical points in chrominm steel, 584. 

CRtrcniLK cast bterl. manufacture of, in Ceylon, 151. 

Crystallise structure of metals, 579. 

Crystallisation, artificial, of carbon, 585. 

-and transformations in Iron containing over 4 per oenl. of carbon, 585. 

“ Crybtolos." 453. 

Cuba, iron ore in, 439. 

Cupola construction, 512. 

-portable, for emergency work, 512. 

-practice, 512. 

-special types of, Holland, 512. 

-use of scrap-iron briquettes in the, 511 

Cyclone oxt-acktylbse welding process. 552. 


D. 


Delhi iron pillar, 153. 

-analyses of. Set interpolated note, 170. 

Dhar iron pillar, 157, 188. 

Diesel gas-engine, 483. 

Dinner, annual, 395. 

Direct production op steel 536. 

Dolomite, 456. 

Dry-air blast, 497. 

Duraluminium. 590. 

DwianT and Lloyd sintering process, 451. 

1912.—L 2 T 
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SUBJECT IXPEX. 


E. 

EiBTU TBESBi'itEs in collieries, 481. 

Economics at coal-mining, 491. 

-of ore-mining, 146. 

Ecri'T, early manufacture of iron in, 158. 

Elastic limit, definition of. 668. 

Elasticity, modulus or, and thermal expansion of metals, 567 
Elih.tr i c driving of rolling-mills, 526. 

—— energy, in electric steel furnaces, consumption at 688. 

-equipment of collieries, 485, 

Electric furnace, construction of, 538. 

- consumption of electric energy in, 538. 

-melting of ferro-manganese in, 540. 

in ’ “ Dd their “PP 1 ^ 1100 fa ** manuf*;tu ro 

-statistics of. 512. 

Electric phexaces, special Tins or:— 

-Frick, 542 

-Girod, 642. 

-GronwaJl, 507. 641. 

-- Helbcrger, 642. 

-Ilering, 89. 

-Hrroult, 507. 541. 542. 

-Hiorth, 542. 

- Keller, 507. 

- Kjellin, 538, 542. 

-Natbuslns, 59. 642. 

- Paragon. 542. 

-Bochling-llodenhausrr, 542. 

-Soderberg, 93. 

-Staasano, 507. 542. 

Electric production or steel, 538 . 

Ellctiuc smelting or iron ore, 507 . 

Electric steel, cost of production by Kathusiu* process 81 
Electric testing machine, 568. 

Electric welding. 551. 

Electro-magnets for handling material, 551, 

Electro-potentials In sea water, 282. 

ElECTIIOLYTIC CORROSION, 593. 

Esgin is. gas, 483. 

-winding, 486. 

Explosions in collieries, 489. 

— ■ . ferro-silicon, 591. 

Explosives in iron ore mining, 443. 


F. 


FATIGUE of weldod joints, 663. 
FRRRO-BORON, Gia 


















SUBJECT INDEX. 

Ferro-chromium, estimation of carbon in. 808 
Fkiuio maoketic compound* of manganese. m. 

K'^nr!.’ MAJ,aAN “ 8 “' mclUn K of > ifl ‘be electric fumacr, 540 
FKliRO-SILICON EXPLOSIONS. 591. 

Fibeiirickb. 455. 

-expansion of, 455. 

-tests of, 455. 

Fireclays, 465. 

'"?*** 9t ”* inp5ts t0 reniovl \ 551. 

Flue dust, briquetting of, 45ft 502. Str also Iron Ore 
Flub oas tkmpebatuhks, measuring, 4 tij. 

Fluid compression, processes for, all. 

-Whitworth. 310. 

Forge and mill machinery, 528. 

Fuhginq, 551. 

-presses, 526. 

Foundbt, accidents in, 525. 

-oil-fired converter, for, 517. 

-" burning-on " in, 522. 

-cores, 519. 

-costa, 625. 

-equipment, 514. 

-mixtures, 513. 

-patterns and moulding, 618. 

-practice, 512. 


■ use of the microscope in, 524. 

-waste, recovery of iron from, 513. 

Fractures, investigation of (/Wr), an*. 

Franck, coal in, 463. 

-iron ore in, 431. 

-iron trade statistics of. 823. 

-mineral statistics of, 620. 

-steelworks in, 535, 537. 

Fbhnch Lorraine, production and «msnm|/tion of iron ore in fisn 
Frick electric furnace, 542 . 1 r ,llj 

Fuel, 458. 

-analysis of, 611. 

-calorific value of, 458. 

-bent value of, 459. 

- liquid, 472. 

> use of, 476. 


-utilisation of low grade, 460. 

Furnace charges, calculation of, 496. 
Furnaces, annua!mg, 547, 

-arc, 51. 

-case-hardening, 646. 

-hardening, 547. 

-induction, 51. 

-reheating, 548. 

Further tbbatmknt of iron and steel, 544 . 
Fusibility of refractory materials, 454, 


t*S5 
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SUBJECT INDEX. 


G. 

Galvanising Iron and steel. 5S7. 

- Luhmann process of, 599. 

Gas, analysis of, 612. 

-. In ironworks practice, 612. 

-meters, blast-furnace, 501. 

-furnace, apparatus for analysis of. 612. 

-mine, analysis of, 613. 

- poisoning in steelworks. 536. 

Gab, artificial, 479. 

Gab. natural. 478. 

-conservation of, by liquefying, 478. 

-power-station. 479. 

-transport and storage of, 478. 

- utilisation of, 478. 

Gas-engines, special types or;— 

-AQis-Chalmcrs, 483. 

-Bruce- Macbeth, 483. 

- Corrington, 483. 

-Diesel, 483. 

-Remington, 483. 

-Westingbouee, 483. 

Gas-power in collieries. 485. 

Gas-producers. 479. 

- by-products from, 483. 

- peat. 482. 

- Heinie, 483. 

- special types of : — 

-bituminous, 480. 

-— Hilger, 481. 

- Kerpc-ly, 480. 

- K uppers, 481. 

- Mathot. 481. 

- Pintsch, 482. 

- Rehmunn. 481. 

Gases in mines, 488. 

German Lorraine, production and consumption of iron ore in. 620 
Germany, cool in, 463. 

■ ■ — coal reserves of, 624. 

- Iron ore in, 431. 

-iron trade statistics of, 624. 

- mineral statistics of, 624. 

-tinplate industry of, 625. 

Girod electric furnace, 542. 

Gordon-Prall rrreatino fursacr. 548. 

Graphite, 456. 

- transformation of carbon into, 587. 

Great Britain, blast furnace* in, 503. 

-foundries in, 524. 

-- - iron ore in, 431. 
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Gukat Britain, iron trade statistics of, 814. 

-mineral statistics of, 614. 

-railing, mills in, 630. 

Greece, mineral statistics of, 625. 

GKEEXAWALT BRIQUETTING PROCESS, 451. 

GKOHUAL BRIQUETTING PROCESS, 448, 460, 451. 

GbSnwali. electric purnack, 507, 641. 

Gusts, steel for, manufacture and treatment of [Paper), 297 . 

• H. 

Halrrrg-Bktii apparatus for purification of blast-furnace ena Sol 
•‘Ham bosks” in Silesia, 213. ’ 

-in Staffordshire, 203. 

Harder inis purxaces, 647. 

Hardening temperatures of tool steel, 619. 

Hardrnite, solubility of ocmentltc in [Paper), 235. 

Hardness retontirity of ancient Iron and stool, 162. 

Hardness tests of rails, 573. 

Haulage in collieries, 487. 

-of iron ore, 445. 

Heat, flow of, through refractory walls, 454. 

-influence uf, on hardened tool steels [Paper), 358. 

Heat op formation of iron carbide, 586. 

-of silicates, 589. 

Hbat treatment op steel, 649. 

Heat value op purl, 459. 

Heating of coni, 489. 

Heines peat gas-producer, 483. 

Helberger electric furnace, 542 . 

HSboult elkctric furnace, 607, 541, 542. 

Hilgeu gas-producer, 481. 

Hioeth electric furnacb, 542. 

History of coal-mining, 491. 

-of iron, 508. 

-of iron-mining, 446. 

Holland, mineral statistics of, 626. 

Holland cupola, 612. 

Hot-blast htoves, 497. 

Hudson's charcoal iron process, 606. 

Hungary, mineral statistics of, 616. 

Huktingtox-Hehkblkin pot briquetting pboobsb, 451 . 
Huntsman’s steel, 14«. 

Hydrogen, rate of diffusion of, in steel, 688. 

-solubility of, in copper, iron, and nickel, 588. 


I. 

India, coal in, 465. 

-early manufacture of iron in, 134. 

-early use of iron in, 187. 

-ironworks in, 604. 
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IsmA t petroleum in, 474. 

-steelworks in, G35. 

Indian Wool* Steel, remarks on, 144. 

Indiana, petroleum in, 476. 

Induction furnace, description of, SI. 

Ingots, shears for cropping, 636. 

-prevention of pipe in, 660. 

-email, 634. 

-Bound, production of, 104. 

-steel, blowholes in, 55'J. . 

-steel, turning of, to remove surface flaw, 351. 

-world’s output in I860, 1830,1900, 1910, 48, 40. 

Institute, roll of the, 6. 

IRON beams at Garden Temple at Puri, India, 200. 

-at Kortarak (India), 194. 

Iron, bloom of Unman, found at Corstopitum, 118. 

-analyses of, 120, 127. 

-and bronze ages, so-called, opinions of authorities concerning 142. 

-containing over 4 per cent, of carbon, crystallisation and transformation 

in, 685. 

-Corrosion of, 177, 591. 

-In concrete, 695. 

-in contact with slag, 594. 

-early use of, in Ceylon (Paper). 134. 

-in India (Paper). 187. 

-estimation of, 008. 

-history of, 118, 134. £08. 

- liquid, pressure of, on the mould, 618. 

-magnetic properties of, 577. 

-manufacture of ancient, 118,134, 187, 203. 

-native methods of. 608. 

-in Silesia. 213. 


-* n Staffordshire, early, note on some remains of ( Parser\ 

-nickel, and copper alloy, 587. ^ 

-passivity of, 595. 

-permeability of, 577. 

-Pillar at Delhi, 153. 

-at Dhar, 157, 188. 

-pipes, corrosion of, 593. 

-recovery of, from foundry waste, 573. 

-solubility of cementite in, 586. 

-hydrogen in, 588. 


-vanadium, and carbon, chemical and mechanical relations of 

Iron-carbide, beat of formation of. 586. 

Iron-carbon system, 685. 

Iron ores, analysis of, 607. 

-— titan iferous, 610. 


(Paper), 


216. 


inalyscs of (typical):— 

-Algeria, 435. 

-Canada, 436. 

-China, 432. 


Cuba, 440. 
Philippines, 434. 
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t#OH oBlifl, analyses of (tvpical):— 

-South Africa, 43(5. 

-United States, 439. 

Iron ore mtiQCKTTiNr., special processes op: — 

-Dwight and Lloyd, 451. 

--Greenawult, 451. 

-Grundal, 448. 450, 451. 

-- Huntington-Hebcrlcin, 451 

-Pioneer, 451. 

-Bunay, 451. 

-Schamacber, 450, 451. 

Iron ore, concentration op, 448. 

-by roosting, 152 

Iron orb crushing, 447. 

Iron or* drying, 447. 

Iron orb, qradisg op, 446. 

Iron orb, handling, 445. 

Iron orb, mechanical preparation op, 447. 

Iron ore, metallurgical preparation up, 451 . 

Iron ore mining, 443. 

■ blasting in, 443. 

-economics of, 446. 

-equipment of, 444. 

-explosives in. 443. 

-haulage in, 445. 

-history of, in Japan, 446. 

-methods of working, 444. 

-shaft sinking In, 443. 

-timbering in, 444. 

Iron ore, occurhkncr and composition of, 430 . 

Iron ore sintering, Dwight and Lloyd’s process, 451. 

Iron ork, washing, 447. 

Iron ore, world’s supplt op, 635. 

Iron and manganese, arsenide* of, 588. 

-preparation of, 609. 

■ - ■ separation of, 608. 

Iron and steel, analysis of, 601. 

-ancient, hardness rotentivity of, 162. 

-research experiments nn, 134. 

Iron and steel, further treatment op, 544 . 

IRON AND 8TEKL, GALVANISING, 5l>7. 

tRON AND STKEL, PHYSICAL AND CHEMICAL PROPERTIES OP, 555. 
Iron AND ETHEL, PRESERVATION OP, 596. 

Iron and stekl, rolling op, 550. 

Iron AND steel, StNHAI.ESK, of ancient origin {Paper), 134. 

Iron and steel, specifications for, 573. 


J. 

Japan, mineral statistics of, 626. 

JOINTS, welded, fatigue of, 563. 

Jokes “Step” process, 533. 
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K. 

Kk.li.eb electric purnace. 607. 

KENNEDY TESTING MACHINE, 569. 
Kentucky, coal in, 468 
Kkrpkly gas -producer, 480. 
Kjii.lberg arc-welding process, 651. 
KJELLIN ELECTRIC PURNACE, 538, 543. 
Kokarak (India), iron beami at, 194. 
Kroell reheating purnace, 548. 
Kcitku's GAS-PRODUCER. 481. 


L. 

LABORATORY equipment, 606. 
Lewis-Thompsok caidri METER, 458 
LIBRARY. additions to, 420. 

LIGHTING of collieries, 488. 

-of rolling-mills, 533. 

•• Little's cooler," 497 

Loumann process op GALVANISING, 599. 


M. 

Magnesite, 456. 

MAGNESIUM, calcination of, 457. 

Magnetic properties of metal compound*. 677. 

-of nickel and iron, 577. 

-of special steels, 575 

Magnets, electro, for handling material, 551. 

- permanent, steel for, 578. 

Malay States, coal in. 465. 

Manganese, arsenides of. 588. 

- ■ pre]«ration of, 609. 

-estimation of. 605. 609. 

-ferro-magnetic compounds of. 587. 

Manganese ore. occurrence of, 441. 
Manganese and iron, separation of. 608 
Manipulators, rolling-mill, 533. 

Materials, strength of. 569. 

Mathot gas-producer, 481. 

Medals and research scholarships, is. 
Meetings, 9. 

Melting point of metals, 590. 

Metal compounds, magnetic properties of, 577 
Metal mixers, 497. 

-use and value of. 42. 

Metallography. 581. 

-appliances for, 579. 

Metallurgy books on, 638. 
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Metals, crystalline structure of, 579. 

-high frequency tecta of, 562. 

-melting point* of, 590. 

-modulus of elasticity and thermal expansion of, 567. 

Meteorites, 442. 

-analysis of. 443. 

Micro-constituents of steel, structure of. 583. 
Microscope. use of, in the foundry. 524. 

Microscopic constituents, nomenclature of, 576. 
MlCRUSTRUCTURB OP METALS, 561. 

Milo steels, testa of, 564. 

Mike supports. 484. 

Mins survbtisg, 491. 

Mines. Set alto Iron Ore Mining a mi Collieries. 

-ua<* of concrete in, 485. 

MlN ISO, books on, 644. 

Molybdenum, properties of, 589. 

Molybdenum ore, occurrence of, 441. 

Motor-car steels, specifications for, 575. 

MOULD, pressure of liquid iron on, 5IH. 

Moulding, 618. 

-pipe. 519. 

Moulding machines, 521. 

Moulding sand, 521. 

Mi llkn gas washeil 502. 


N. 

NatHUBIUR ELECTRIC FURNArR ( P"prr), 59. 542. 

Native iron, 440. 

-methods of manufacture of, 508. 

Natural oas, 478. 

New Mexico, coal in, 469. 

New South Walks, iron industry of. 506. 

-iron trade statistics of, 616. 

-mineral statistics of, 616. 

New Tore, iron ore in. 438. 

New Zealand, petroleum in, 476. 

Nickel, estimation of. 606. 

_aolubility of hydrogen in, 588. 

-magnetic properties of, 577. 

Nickel, chromium, and nickel-chromium steels, corrosion of (Paper), 249. 
XlCKRL, IRON. AND COPPER ALLOY. 587. 

Nickel ore, occurrence of, 441. 

Nickkl steel, expansion of, 569. 

- rails, use of, 569. 

Nigeria, coal in. 466. 

Nitrogen, atomic weight of, 613. 

Nomenclature of microscopic constituents, 578. 

_of the oxides of carbon, 613. 

NORWAY, iron ore in, 432. 
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o. 

Oil. crude, producer-gas from, 483. 

-fired converter* for foundries, 517. 

-fired open-hearth furnaces for steel foundries, 515. 

- ■ ■ regions, earth temperatures in, 476. 

OlL-BHALN in Yorkshire, 473. 

Oklahoma, petroleum in, 475. 

Open-hearth charging machine. 536. 

Opekueartu furnace, oil fired, for steel foundries, 515. 

-utilisation of blast-furnace gases in. 500. 

-briquettes for use in, 534. 

-coke-oven gas for beating, 472. 

OPKS-HBAilTH FURNACE, SPECIAL TYPES OF 

-Bldermann-Horvey, 535. 

-Campbell tilting, 575. 

-Simpson and Oviatt, 536. 

OTEN-HEARTH PRACTICE, 534. 

Open-hearth process, 534. 

■ development of, during 1878-1910, 31. 

Ore deposits, origin of, 43a 
Ores, sampling of, 607. 

OSMONDITB in hypo-eutectic steels, 583. 

Oxygen, enrichment of blast with, 498. 

-estimation of, 601. 


P. 

Paragon electric furnacr. 542. 
Passivity of iron. 593. 

Patterns, foundry, 51 k. 

Peat, utilisation of, 469. 

Peat-gas prodicers, 482. 
Pennsylvania, cool in, 469. 

-iron ore in, 439. 

-petroleum in, 475. 

Permeability of iron, 577. 

Petroleum, composition of, 473. 

-determination of sulphur in, 612. 

-origin of, 472. 

-storage of, 477. 

Philippines, coal in, 465. 

-iron ore in, 433. 

- -analysis of, 434. 

Phosphates in basic stag, 537. 
Phosphorus, estimation of, 602. 

PIG IRON, production of, 494. 

-world's production of, 633. 

Pi NTSCII GAS-PRODUCER, 482. 

PlpNEKR BRIQUETTING PROCESS, 451. 
PIPE, prevention of, in ingots, 560. 
Pipemoulding, 519. 
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Pith, iron, corrosion of, 592. 

Porrecn METHOD OF 8 HAFT-SIN KINO, 484. 

Power requirements of rolling-nulls, 628. 

-transmission, stool bolts for, 684. 

Purser vat i on of iron and steel 696. 
Presidential Address of Arthur Cooper, 31. 
Presses, forging, 626. 

Pressure on rolls of rolling-mills, 630. 
Prodcckr-uas, application of, to boiler firing, 483. 
■ - from crude oil, 483. 

Puri, iron beams in Garden Temple at, 200. 
Pyrometer, Tliwlug, 469. 

Pyromrtby, 458. 


R. 

Bail failures, 570. 

Rails, corrugation of, 573. 

-hardness tests of, 573. 

-high-silicon tramway, wear of, 570. 

-nickel-steel, use of, 569. 

-tests of, 572. 

-wear of, 570. 

Rkcalescknck point, fourth, in steel, 584. 

Refractory materials. 463. 

_fusibility and volatilisation of, 454. 

_. physical properties of, 453. 

Refractory walls, flow of hunt through, 464. 

Reheating furnaces, SPECIAL TYPES OF: — 

■ Gordon-Prali, 548. 

-Krocll, 548. 

Hermann oas-producehs, 481. 

Reinforced concrete, teats on, 665. 

Remington gas-engine, 483. 

Representatives, appointment of, 14. 

Rescue appliances. 

Research scholarships, 13. 

RieulE testing machine, 569. 

Roasting, concentration of iron ore by, 452. 
RdeULINO-RnDENHAOSER ELECTRIC FURNACE, 642. 

Roland-Wild calorimeter, 458. 

Roll-draugiiting, 530. 

Rolling iron and steel, 550. 

Rolling-mill accessories, manipulators. 533. 
Rolling-mills, electric driving of, 526. 

_improvements in during post forty years, 44. 

_lighting of, 533. 

-power requirement* of, 628. 

_pressure on roll* of, 530. 

Rolling-mills, special types of 

._reversing, steam-engines far driving (Payer), 335. 

ROMAN iron found at Corstopitum (Corbridge) (Paper), 118. 
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UOSAV BRIQUETTING PROCESS, 451. 
Roumania, tii inrml statistics of. 627. 
Russia, charcoal blast-furnaces in, 503. 

-iron trade statistics of, 627. 

-mineral statistics of, 627. 

-petroleum in. 474. 


s. 

Sam r UNO of urea, 607. 

SAND, moulding, 52L 
Sanitation in oollierie*. 490. 

Scroop method or coating metals, boo. 

SCHUMACHER BRIQUETTING PROCESS, 450, 461. 

SCRAF-DUNDLINQ MACHINE, 536. 

Scrap-iron briquettes, use of, in the cupola, 513. 

Screen i no coal, 492. 

Sea WATER, corrosion of steels in, 253, 275. 

Segregation in castings, 55S. 

-in steel, 560. 

SEMET-SOLVAT BT-PBODUCT COKE OVEN, 471. 

Skrvia. coal in, 463. 

Shaft sinking in iron ore mines, 443. 

-Poetacl) method, 484. 

Shafts, specifications for, 574. 

Shears for cropping ingots, 536. 

SHOCK, influence of rate of, 568. 

Silesia, earl; manufacture of iron in,213. 

SILICA, eatimatian of, 609. 

Silicates, heat formation of, 589. 

Silicon, estimation of, 602. 

Simon-Carves bt-pbodcct recovery process, 471. 

Simpson and Oviatt furnace for direct production of steel, 636. 
Sinhalese iron and steel of ancient origin {Pajxr), 134. 

Slag, analysis of, 607. 

-basic, phosphates in. 537. 

-blast-furnace. 510. 

-corrosion of iron in contact with, 594. 

Slag cement. 511. 

8LAVIANOFF WELDING PROCESS, 553. 

Smoke, estimation of carbon diuzido in, 613. 

- measurement of density of, 461. 

SODKKBEBO ELECTRIC FURNACE, 92. 

Solutions, solid, nature of, 585. 

South Africa, iron ore in, 436. 

-analysis of. 436. 

Spain, iron trade statistics of. 629. 

-mineral statistics of, 629. 

Specifications for iron and steel, 573. 

-for motor-car steels, 576. 

-for steel axles and shafts, 674. 

_for steel reinforcement bore, 574. 
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Staffordshire, early iron manufacture in (foyer), 203. 
Btassano electric runs ace, 607, 542. 

Statistics, 48, 49, 614. See alto umier name* of CmtUrirt. 

-comparative, of coal and iron and steel, 633. 

-of Iron ore, 635. 

-of tungsten, 637. 

-of electric furnaces, 542. 

Steam-engines for driving reversing rolling-mill* (Paper), 335. 
Steel, acid and basic, comparison of qualities of, 561. 

_belt* for power transmission, 654. 

-column with ooncrete filling, tests on, 566. 

-direct production of, 636. 

-electric production of, 538. 

_for guns, manufacture and treatment of (Paper), 237. 

-heat treatment of, 649. 

_bypo-cutectic, osmondite in, 683 

_micro-constituents of, structure of, 583. 

-motor-car, specifications for, 576. 

_for permanent magnets, 578. 

- - production of, 634. 

_products, finished, ontput of, in 1910, 60. 

_rate of diffusion of hydrogen in. 688. 

__reinforcement bars, specifications for, 574. 

-segregation in, 660. 

_special, magnetic properties of, 675. 

_world’s production of, 634. 

Steel axles, specifications for. 574. 

Steel castings, 523. 

Stkei. FOUNDRIES, converters for, 616. 

-oil-fired open-hearth furnaces for, 515. 

Steel. mili>, tests of, 564. 

Stkul wirk, change* in dimnn*ion» ol, when twisted, 567. 
Steelworks, gns-poisuning in, 536. 

•» Step ” process^ 533. 

StouacB of coal, 489. 

Stove plates, casting of, 52X 
Stoves, hot-blast, 497. 

Stresses, determination of, in materials, 56 1 . 

Structure, influence of, on strength of cast, iron, 656. 
SUBSIDENCE, 484. 

8ULPnun. determination of, in petroleum, 612. 

-estimation of, 602, 609. 

_apparatus for, 60-1. 

•* SULPHUR prists," methods of taking, 380, 385. 

SUUPACR COMBUSTION EXPERIMENTS. 459. 

Surveying, in collieries, 491. 

Sweden, mineral and iron trade statistics of, 629. 


T. 


TAB, sampling, 611. 

Temperature or formation of titanium dioxide, 500. 
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Temperatures. earth. In oil regions, 478. 

-fine gas, measuring. 401. 

- hardening, of tool steel, 049 

Test-bars, influence of shape of, 559. 

Test-pieces, relation of, to casting*, 55s. 

Testing machines, 569. 

-calibration of, 60S. 

-electric, 568. 

-Arnaler, 669. 

-Kennedy, 569. 

-KiehlJ, 569. 

-Wicksteed, 569. 

Tenting, methods OF, mechanical, 662. 

Tests on boilers, 564. 

- at metals, high frequency, 562 

-of mild steels, 564. 

-of rails, 572. 

-on reinforced concrete, 565. 

-on st-eel column with ooncrete filling, 666. ' 

Thermal expansion of metals, 567. 

THERMtT-WXLDING, 563. 

Thomson electric welder, 552. 

Tnwixo pyrometer, 459. 

Timbbrino in iron ore mines, 144. 

TIN, recovery of, from tinplate scrap, 554. 

Tinplate, composition of raw metal for, 589. 

-scrap, recovery of tin from, 554. 

Tiers, wear of, 572. 

TlTANlFEBors iron ores, analysis of, 610. 

Titanium, estimation of, 611. 

Titanium dioxide, temperature of formation of, 590. 

Tool steel, hardening temperatures of, 549. 

-hardened, influence of boat on (Paper), 358. 

Tramway rails, high silicon, wear of, 57a 

Transformations in iron containing over 4 per cent, of carbon, 685. 
Transvaal, cool in the, 466. 

-analysis of, 4*57. 

Transylvania, natural gas in, 478. 

Treasurer’s report. 16. 

Thoosyith, formation of, 582. 

Tki iha, steelworks at, 304. 

Tubing, manufacture of, 660. 

Tungsten, estimation of, 606,611. 

-properties of, 589. 

-- world's production of, 687. 

Tungsten ore, occurrence of, 441. 

Turkey, ooal in, 164. 

U. 

Uehlinu carbon dioxide recorder. 461. 

United Kingdom. St* Great Britain. 

United States, blast-furnaces in, 605. 
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United States, coal in, 107. 

-foundries In, 524. 

_graphite production of, 630. 

-iron industry of, 631. 

-iron ore In. 437. 

-analysis of, 439. 

-iron trade statistics of. 630. 

-mineral statistics of, 630. 

-natural gas in, 478. 

- petroleum in, 475. 

-production of, 630. 

_rolling-mills In, 531. 

-steelworks in, 536, 537. 

Utah, petroleum In. 475. 


V 

Vanadium, estimation of, 611. 

-influence of, on cast iron, 557. 

-properties of, 689. 

Vanadium, uion, and carbon, chemical and mechanical relations of (Paper), 
215. 

Vanadium ores, occurrence of, 442. 

Ventilation in collieries, 488. 

Volatilisation of refractory materials, 454. 

Volume CHANGES in cast iron during cooling, 555. 

_as an indication of strength of cast iron, 556. 


w. 


Washington, coal in, 469. 

Weak op rails. 5*0. 

-hlgh-sllicon tramway, 570. 

WliAB OP tires, 572. 

Welding, autogenous, 552. 

_blowholes ami oavities in steel Ingots (/tyre). 104. 

-cyclone oxy-acetylene, 502. 

-electric, 551. 

-Be card c»» process, 553. 

- K jellbcrc process, 551. 

--SUrianoff process, 553. 

-thermit, 553. 

_- Thomson electric welder, 552. 

.-Zerener process, 553. 

Western Australia, mineral statistics of, 61C. 
WEST1NOHOU8B GAS-ENGINE, 483. 

Whitworth process of fluid compression, 310. 
WlCKSTHKD testing maciiinb, 569. 

Winding appliances, 487. 

Winding engines. 486. 

Wire, steel, changes in dimensions of, when twisted, »6c. 
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WOOD, distillation of, recovery of by-product U» the, M9. 
WOOTX 8TKHL, 144. 


Y. 

Yield POIST. definition of, 5CC. 
Yobkshiue, oil-sbnle in, 473. 

Z. 

Zeeexeu weldikg mores®, 053. 
ZSCHOCKK Q AH CLEASKB, 006. 


NAME INDEX 


A. 

Abbott. Robert Rowell, elected member, 2. 

Abels, C., on crashing slag, 511. 

ABLETT. C. A., on oleotrio driving of rolling-mills, 52(1, 527. 

AdArmeu, H., on use of scrap-iron briquettes in the cupola, 673, 

Adamson, £.. on electric furnaces, '.*2. 

Ahrens, A. 8., on electric driving of rolling-mills, 528. 

Ainsworth, G., vote of thanks by, 29. 

Ariraoiaos, i..— 

Paper on “ The solubility of comentite in hardenitc.” Set Arnold. J. O. 
AMICETZ. M., un cupola construction, 512. 

AlkXANDERBON. E. F. W., on permeability of Iron, 577. 

Allen, C. A., on vanadium deposits of New Mexico, 442. 

Allen. E. T.. on laboratory equipment, C57. 

' ALLEN, H„ on utilisation of blast-furnace gas, 500. 

Allen, Henry Butler, elected member, 2. 

Allen, l. C., on composition of petroleum, 473. 

-on conservation of natural gas by liquefying, 478. 

AlleynE, Sir John G. N., Bart., obituary notice of, 400. 

Allott, W„ obituary notice of, 408. 

Anderson, G. E., on iron trade statistics of China, (119. 

Andres. G. E.. od foundry costs, 525. 

A nulls d'Achiac, P., an blast -furnace reactions, 495. 

-on iron and steel industry in the north of France, 024. 

-on world’s supply of iron ore, 635. 

ARCHBtrrr, L., on influence of beat on hardened tool steels 378. 

Armstrong. H. E., on mechanism of corrosion, 269. 

Arnold, J. 0.. on a fourth recalcscence point, 584. 

-on Iron and steel of ancient origin, 174. 

-on welding up of blowholes in steel ingots, 114. 

Arnold. J. O., and L. Aitciuson— 

Paper on " The solubility of cementite in hardenite,” 235; method of heating 
and quenching, 235; absorption curves, 237; preparation of microseotions, 
237; remarkable quenching phenomenon, 231; theoretical considerations, 
239.— PucHttion: W. Rosenhain, 240; J. E. Stead, 240 ; O. A. Edwards. 243; 
Sir Robert Hadfieid. 244 ; W. H. Halfleld. >44 ; W. J. Foster. 244.—CW- 
tpondenct: H. Le Chatelier, 246. 

Arnold, J. 0., and A. A. Read— 

Paper on “The chemical and mechanical relations of iron, vanadium, and 
carbon,” 213; introduction, 215; method of manufacture of authors’ steels, 
218 ; chemical compositions of authors’ series, 218; determination of the 
carbides. 219; turning characteristics of the alloys, 222: mechanical pro¬ 
perties. 223; alternating stress tests. 223; mic'rojrraphic analv.is, 223; 

1911—i. 2 U 
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recaieseence observations, 223 ; quenching experiments, 223.—JMitiiis&m : 
E. H. Saniter, 227; V. Bogeis, 227 : W. Kosenhain, 228; J. K. 8te.nl, 230 ; 
C. A. Edwards, 230 ; T. Tamer, 231 ; W. H. Hatfield, 231 .—Corrttpondenet 
K, Rogcr«. 232. 

A ns em, W. C., on graphite, 466. 

- on transformation of carbon Into graphite, 587. 

Ashley, O. A., on bauxite, 456. 

Aston. J., on magnetic properties of special steels, 676. 

ASTON, K. U.. on use of liquid fuel, 476. 

Atwood, W. W.. on coal in Alaska, 467. 

-on jietroloum In Alaska, 475. 

AtJCinr, G., on estimation of sulphur, 602. 

Achl, C. B., on therm it-welding, 553. 

At’OUSTtN, H., on estimation of carbon in Iron and steel in the electric furnace, 
601 

At'/.IKS, J. A. A., on briquetting iron ore and flue dust, 450. 


B. 

Bahxby, L W., on estimation of calcium oxide, 610. 

BAIt.LY, on estimation of iron ore in German Lorraine. 621. 

Baker, i>.. on blast furnace construction, 494. 

Ball, L. C„ on coal In Queensland, 469. 

BAM LETT, A. C„ obituary notice of. 409. 

Balk hr. James, elected member. 2. 

BARKER. 8. G., on the iron-carbon system, 586. 

Barbois, C., on deposits in the Nord coal-field, 463. 

Bauer. O., on corrosion of Iron in contact with slag, 694. 

-on segregation in steel, 660. 

Baumgabtex, K., on orr handling, 445. 

BaurikdaL, F„ on gas-producers, 481. 

BELL, Sir llngh. on iron and steel of ancient origin, 173. 

- Paper on “ A bloom of Roman iron found at Corstopitum (Corbridge)." I ]8 ; 

position of Corstopitum, 118; smelling of iron ore by the Romans, 119._ 

Sole by Profater II. Louit: origin of iron bloom. 130 .—.Sate b v j. A'. 
Stead: microscopical Investigation of bloom. 121 ; furnace in which bloom 
wna found, 124; chemical analysis. 127. —Corretpmdenee : H. Louis 12U • 
G. Turner, 130 ; K. Haverfleid. 132 ; J. E. Stead, 133. 

- remarks by, on Presidential Address, 24. 

Benedick*, C., on iron and steel of ancient origin, 176. 

Bbxexb, on briquetting of iron ore, 451. 

Bennett. Ellis H.. elected member, 2. 

Bentley. J. Lloyd— 

Payer on “ The corrosion of nickel, chromium, and niokel-ohromiom steeU." 
See Friend, J. X. 

Paper on “The mechanism of corrosion." See Friend, J. X. 

BcitcftTBOjI, H., on by-product recovery in the distillation of wood, 469. 

P.tRLEY. Samuel, elected member, 2. 

BLANK, Otto, elected member, 2 
BLATCHLKY, R. I", on petroleum in Indiana, 475. 

Blast, A., on ooal in Austria, 463. 

_— on ooal in Servia. 463. 

BLECKLY, W. H., obituary notice of. 495. 
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Bleisingkr. A. V., on tests of firebricks, 455. 

Boia,, G.. obituary notice of, 409. 

Bokb, C., on gas-producers, 482. 

Bose, W. A., on surface combustion experiments, 459. 

Boxnerot, S., on case-burdening. 544. 

-on rate of diffusion of hydrogen in steel, 588. 

BAHXkckx, H., on beat treatment of steel, 549. 

Boudouard, 0-. on magnetic properties of special steels, 675. 

BorVARl), G., on steelworks in France, 535. 

Bowman, U. L-, on laboratory equipment, 607. 

Boyle, J. J„ on estimation of manganese, 605. 

Bbaysuaw, 8. N., on liardening furnaces, 547. 

_on hardening temperatures of tool steel, 550. 

-on influence of heat on hardened tool steels, 378. 

Brkabley, H., on heat treatment of steel, 549. 

-on steel castings, 523. 

Bkbgkr, C. L., on origin of petroleum, 473. 

Bukyrk, A., on asphyxiation by blast-furnace gases. 302. 

Briggs, H.. an gases in mines, 488. 

BRISToX, P. H- M--P., on estimation of manganese, 609. 

BBONlirwan, W-. on appliances for mctallograpby, 579. 

Brooks, A. H„ on iron ore in Alaska, 437. 

Bbowk, G. H.. on tests of firebricks, 455. 

Brows, J. 1*. K.. on coal in the Transvaal, 466. 

-on methods of working coal, 486. 

Brows, M-, on colorimetry, 458. 

Brows. P. B., appointed scrutineer, I. 

BROWS, P. 8., on preservation of iron and steel, COO. 

Buck, R.. on utilisation of blast-furnace gases in open-beartb furnaces, 500, 
BULLE, G-, on hot-blast stoves, 497. 

Bullkxb, D. K., on formation of troostite, 682. 

Burgess, 0. F-, on magnetic properties of special steels, 576. 

Burgess, K., on melting points of metals, 591. 

BURR, F. !>., on mcth"d» of working coal, 486. 

-on timbering in iron mines, 444- 

BuitR, IV. H-, on tests on a steel column with concrete filling. 566. 
BURRELL, G. A., od analysis of mine gas, 613. 

-on conservation of natural go* by liquefying, 478. 

-on natural gns in South California, 478. 

Burrows. G. J.. on corrosion of steel in water, 691. 

Bttot, on utilisation of low-grado fuel, 460. 

Byers. H- G.. on magnetic properties of nickel and iron, 577. 

_on passivity of iron, 596. 

-on passivity of nickel, 596. 


o. 

CADMAX, J., on coal-dust experiments, 489. 

Cain, J. R., on separation of chromium, 604. 
Caldwell. G. &, on methods of working coal, 486, 
CAUAS. J„ on oemoodite in hypo-eutectic steels, 583. 
Cameron. W. Hm on accidents in foundries, 525. 
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Campion. A., on metallography and mierostructare of metals, 582. 

CA5ARI8, C., on prevention of pipe In ingots, SCO. 

CAflTO. C. E.. on petroleum in Assam, 474. 

CAPLEX, Tom, elected member, 2. 

CAPPS, S. R., on coal in Alaska, 468. 

CapRon. A. J„ on manufacture and treatment of steel for guns, 3.12. 

-on steam-engines for rolling-mills, 352. 

Carpenter, H. C. H., on growth of oast, iron, 558. 

Catlett, C., on composition of cool, 462. 

Cave, H., on autogenous welding, 552. 

Chappell, C.— 

Faprr on “The influence of carbon on the corrodibility of iron/' 270; 
general scheme of investigation, 270; production and composition of the 
steels, 271 ; details of treatments, 272; corrosion tests, 273 ; microscopic 
analysis, 287; microscopic examination after corrosion. 287 ; solubility. 202 ; 
summary, 292.— IHteuuion : T. Turner, 294.— Corrrtpondnirr - J. W. Cobb, 
294. 


Chaupy, G., on case-hardening, 544. 

-on rate of diffusion of hydrogen in steel, 588. 

Chauvenet, R., on calculation of furnace charges. 496. 

Cheney, E. J., on electric driving of rolling-mills, 527. 

Cho-Yanu, on Chinese blast-furnaces, 604. 

Choblton, A. E. L-, on gas power in collieries, 485. 

CiBKKL, F., on graphite, 456. 

C LAMER, G. H., on iron, nickel, and copper alloy, 587. 

CLARK, H. H-, on mine surveying, 491. 

Clabbx, Bernard, elected member, 2. 

Clifford, J. O., on vanadium ore deposits in New Mexico, 442. 

Cloez, on origin of petroleum, 473. 

CORE, J. W., on influence of carbon on the corrodibility of iron, 294. 

Coblemii, H. R., on autogenous welding, 552. 

Coe, Henry Ivor, elected member, 2. 

COHEN, j. B., on oil-shale in Yorkshire, 473. 

Coker, E. G„ on determination of stresses in materials, 567. 

Comstock, II.. on concentration of iron ore, 449. 

Connor, G. R., on gases in mines, 488. 

Costeen. H., on blast-furnace gas meters, 501. 

CootJDGE, W. D.. on properties of tungsten and molybdenum. 589. 
Coomakaswamt, A. K.. on Indian iron and steel of ancient origin, 176. 

_on Sinhalese iron and steel, 150. 

Cooper. Arthur. Induction of, into Presidential Chair, 22. 

-on electric furnaces, 92. 

- Prriidrntial Addrru, 31; introductory remarks. 31; improvements during 

1871-1910 in Bessemer and open-hearth pn cesses, 33 ; by-product ooke- 
ovens, 39 ; blast-furnaces. 40 ; steelworks, 42; output of ingot* in the world 
in 1880, 1890. 1000. 1910, 4S-I9: output or finished steel products in 
1910, 50. 

—- rep*! to vote* of thanks by, 26, 30. 


-vote of thanks by, 29. 

Corral, J. I. del, on iron ore in Cuba, 440. 
C 08 TE, E., on origin of petroleum, 472. 
Coventet, T., on geology of coal, 462. 
Cox, J. S., on ore handling, 445. 
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Crawtoro. R-, on rescue appliances, 490. 

CluariKLD, J. A. P„ on composition of coal, 463. 

Cboslaxd, J. F. L-, on failure of a crank shaft, 564. 

CROSS, William, appointed scrutineer, 2. 

GUBILLO, L_ 

Paper ou “ Manufacture and treatment of steel for puns," 297; conditions 
of tbo steel required for pun construction, 298; melting of tha steel, 301 ; 
heat treatment, 312 ; hardening and tempering. 320; cooling curves and 
micrustructurcB. 328.—Ciinmion.- A. Greiner, 330 ; J. M. Gledhill, 331 ; 
W. U. Ellis, 331; A. J. Capron, 333. 

CtlNXIHOUAM, W. U., on gases in mines, 488. 

Ccniux, F. F. V., on carnotite deposits of Colorado, 442. 

CllSHM AX, A. S.. on estimation of oxygen, 601. 

-on iron and stoel of ancient origin, 177. 


D. 

Darby. J. H., award of Bessemer Gold Medal to, 23. 

- biographical notice of. 23. 

Darbix, M„ on passivity of iron, 596. 

Dautmchr, on explosives and blasting in iron ore mines, 443. 
Pavey, Edward, elected member, 2. 

Dim, G. H„ obituary notice of, 409. 

Davies, C„ on estimation of sulphur, 609. 

Davies, C. A., on utilisation of peat, 469. 

Davies, R. 8., on analysis of ferro-boron, 610. 

Davies, Stanley Richard, elected member, 2. 

Davy, U. on iron ore in France, 431. 

Dawkins, Crowell T., elected member, 2. 

Pay, D. T., on production of petroleum in the United States, 630. 
Pelametek, G. R., on coal washing, 492. 

PenoilksT, D. J., on estimation of manganese, 609. 

-on estimation of vanadium, 611. 

DBXXISOX, L. G.. on American foundries, 524. 

- on autogenous welding, 552, 

Desch, C. H., on crystalline structure of metals, 579. 
Devonshire, Duke of, remarks by, on Presidential Address, 23. 

- reply to vote of (hanks by, 21. 

DICKENSON. Ernest Lawrence, elected member. 2. 

Dibckmaxx, T„ on arsenides of iron and manganese, 588. 600. 

-on ferro magnetic compounds of manganese, 587. 

Dikii t. A. X.. on bot-blast stoves, 497. 

_ on utilisation of blast-furnace gas, 500. 

Pit. WORTH, J. 1L, on coal in Kentucky. 468. 

Dixie, E. A., on hardening furnaces, 547. 

DtXOX, C„ on methods of mining iron ore, 445. 

Ducos, W-. on electrio furnaces. 91. 

--on steam-engines for rolling-arils, 353. 

Dobbklatein, on utilisation of low-grade fuel, 460. 

Doxath, E., on corrosion of iron in concrete, 695. 

PRITMMonu. Thomas J., elected member, 2. 

DrxrrAS. W. R., on possivtiy of iron, 595. 
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Durand. E. D., on iron trade statistic* of the United States, 631. 
DtJXK, A., on coal-dust experiments. 4X9. 

Di'Sbkht. on iron ore in Algeria, 434. 

-on mineral statistics of Algeria, C22. 


E. 

Eabtham, J. H., on foundry patterns and moulding, 519. 

-on special castings, 522. 

Edwards, C. A., on chemical relations of iron, vanadium and carhon, 230. 

-on nature of solutions, 585. 

-on solubility of cementite in hardenite, 243. 

Edwards, G. K., on equipment of iron ore mines, 444. 

Ehrenbebg, on shaft-sinking in collieries, 484. 

Elliott, Thomas Gifford, elected member, 2. 

Ellis, \V. H., on manufacture and treatment of steel for guns, 331. 
Emmons, J. V., on heat treatment of steel, 549. 

Emtebdeb, E. von, on reinforcements of ooncrete with cast iron, 566. 
EndBLL, kI, on manufacture of firebricks, 455. 

Enulkb, on origin of coal. 461. 

-on petroleum in China, 474. 

Ekglrn, C., on origin of petroleum, 473. 

Estep, H. C., on American foundries, 524. 

_on methods of mining iron ore, 445. 

Etbebington, J., appointed scrutineer, 2. 


F. 

FALCK, G. E-, elected Honorary Vice-President, 15. 

FALK, Gordon Sands, elected member, 2. 

Fannino, P. H., on iron ore in the Philippines, 433. 

FaRBINOTOS. O. C., on analyses of meteorites, 443. 

Fawbitt, C. E., on corrosion of steel in water, 591. 

FkaRSEHOUGU, William, elected member, 3. 

Feldmans;, K.. on transport and storage of natural gas. 478. 

_on utilisation at natural gas, 478. 

Fermob, L. U, on origin of iron ores of 8wedish I upland, 390. 
Fbhxald, R- H-. on gas-producers. 482. 

Ftar, 0.. modification of Bertholot-Mahler colorimetric bomb by, 45s. 
Fieldks, F., on gas-producers, 480. 

Finlay, J. R., on economics of ore mining, 446. 

FINK, C. P., on oil-shalo In Yorkshire. 473. 

FlBitER, W. L.. on coal in Alaska, 468. 

Fitzo beard, K. A. J., on electric furnaces of special types, 542. 

_on physical properties of refractory materials, 453. 

FLKGEL, on iron ore in Great Britain, 431. 

Fleibsseb, H-, on composition and uses of blast-furnace slags, 510. 

■ on slag cement, 511. 

FUEOEL. G-, on coal in Germane, 463. 

FoSTKB, C. E, ou pyrometry, 159. 

Foster, W. J-, on solubility of cementite in hardenite. 211. 
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Foster, W. J.. on welding up of blowhole# in steel ingot*. 1M. 

Foucar, J. L.. on estimation of sulphur, 609. 

Fox, Edmund John, elected member, 8. 

Krancq, Alfred, elected member. 3. 

Franklin, J. 8., on shaft-sinking in collieries, 484 
Frank, K., on cool in Austria, 463. 

Fraser, 1,., on economic* of ore mining, 446. 

Fraeek. J. 0. W., on apparatus for analysis of furnace gases, 612. 

FRKUH, F., on coal reserves of Germany, 624. 

Frechette, H., on iron ore in Canada, 436. 

Frkixut, G., on recovery of iron from foundry waste, 514. 

Fbi.MiiMT, C., on tests of rails, 5T2. 

Frick. 0., on electric smelting of iron oro, 507. 

Friedrich, K., on heat treatment of steel, 540. 

-on lalKiratory equipment, 606. 

Fkikhd, J. N\, on (laseivity of iron, 596. 

Friend. J. N.. J. L. Bkntlky. and W. West— 

Paper on “The corrosion of nickel, chromium, and nickel-chromium 
steels,” 249; tap-water testa, 250; sea-water tests, 252; sulphuric acid 
tests, 252; alternate wet and dry tests, 253; discussion of the results, 254. 

- Paper on “ The mechanism of corrosion," 259; the corrosion zone, 259; 

the mechanism of corrosion, 265; conclusions, 268.— IHecuuim: H. E. 
Armstrong, 269. 

Fry, Sir Theodore, Bart., obituary notion of, 410. 


G. 

Galloway, W., on ooal-dast experiments, 43*. 

Garland, C. 51.. on gas-producers, 481. 

Oarsman. H. M., on lighting of rolling-mills, 533. 

GaLthr. A., on estimation of titanium. 611. 

Gebcke, F., on estimation of carbon in ferro-ebroroium, 608. 

GkRstkn, E-, on heat of formation of iron carbide, 586. 

GlLLOK, H., on by-product coke oven practice, 471. 

GlLMOST, E. B., on moulding sand, 521. 

GlkdhtlL, J. M., on manufacture and treatment of steel for guns, 330. 
GlOcknrR, on origin of coal, 461. 

GoncKR, O., on fusibility and volatilisation of refractory materials. 454. 
Goerens, Paul, award of Carnegie Gold Medal to, 26. 

__biographical notice of, 27. 

Goodalk. S L., on mine supports, 484. 

Goodin, B. J., on coke manufseture. 471. 

Gordon, W, on influence of shape of test-bars. 559. 

GotrVY. A-. on utilisation of blast-furnace gas, 500. 

Govt, C. C., on the Nathuaius electric furnace, 90. 

Grave. E., on the passivity of metals, 596. 

G “ AVt /-apL on “The early use of iron in India,” 1»7; introduction, 187; tho 
iron pillar at Dhar, 188; the iron beams at Konarak, 194; iron beams at 
the GundicU-BSri or Garden Temple at Pori, 200. 

Guay, J. G., on magnetic properties of special steel*, 576. 

GREEN, H. 8., on foundry equipment, 514. 
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Gubin EH. A., on manufacture and treatment of steel for gun*. 330. 

-on tbe Nathusius electric furnace, 93. 

-on steam-engines for rolling-mill*. 353. 

-speech at dinner by, 398. 

Grierson. J., on wear of rails, 571. 

Gbise. H. A., on producer-gas from crude oil, 183. 

Ghol t, F. F.. on composition of cool, 462. 

Guillain, A. on production and consumption of iron ore in German and French 
Lorraine, 620. 

GUILLRAFME, C. E., on expansion of nickel steel, 569. 

GtniXKUV, R., on application of the aphegraph to shock-testing machines, 568. 

-on new methods of mechanical testing, 562. 

Gcilltct, L., on case-hardening, 544. 

Gfl.UVKn. G. H . on influence of shape of test bars, 559. 

Gl'MBcnz. A. von, on fcrro-silicon explosions, 591. 

Gwiggkkb, A., on by-products from gas-producers, 483- 
Gwosdx, on gas-producers, 482. 


H. 

Hadfihld, Sir B. A.— 

Paper on “ Sinhalese iron and stenl of ancient origin,” 135. Section A _ 

Introduction. 134. Section B —Opinions of various authorities with regard 
to the so-called iron and bronze ages, 142. Section C~ Remarks on paper 
communicated in 1795, by Dr. Pearson, K.R.S., to the Royal Society, on 
Indian Woota steel, 144. Section 0 — Heath and others on “ Indian and 
Sinhalese iron and steel,'' 148. Section E —Delhi and Dh&r pillars in India, 

153. Section F—Remarks by Messrs. Osmond and Masp'ro, 158. .Sn-tion G _ 

Hardness retentivity of ancient specimens of iron and steel, 162. Section II 
—Description of research experiments, 163. Sri ton /—Cunclusion. 169 ; 
Bibliography, 170. —Pwetunon: Sir Hugh Bell, 173.— Vnrretjxmde-nce J. o! 
Arnold, 174; C. Benedicks, 175; A K. Coomaraswamy, 176 ; A. 8. Cushman, 
177; H. Lr C ha teller, 180; 1. E. lister, 180; W. M. Flinders Petrie, 182; 
V. Smith. 183; T. Turner. 1S4. 

_speech at dinner by, 399. 

Hall, J. W.— 

Paper on “Steam-engines for driving reversing rolling-mill*.’' 335; duty 
demanded of an engine, 335 ; compound engines, 337 : the turbine, 338; the 
piston engine. 339 ; indicator diagrams, 339 ; three-cylinder engine, 343 • 
steam pressure, 347,— Buctuoion: A. Lambcrton, 351 ; A. J. Cattron 359: 
J. H. Harrison, 353; W. Dixon. 353. * ' ’ 

Hambly, Percy Noel, elected member. 3. 

Hamilton, R., on cleaning of blast-furnace gasr-s, 502. 

Handy, J. 0., on concentration of iron ore by roasting, 452. 

HaNocq. C., on haulage of iron ore, 445. 

Hassell, N\ V., on briquetting of iron ore, 450. 

HARDEN, J., on electric furnaces of special types, 542. 

IIardkk, R. C„ on iron ore in Braxll, 439. 

Hardtmas. T. F-, on foundry patterns and moulding, 519. 

Harman, E- A, on storage and heating of coal, 490 

Habbisos. D„ on lighting of roUing-miUs, 533. 

Habbisos. G. B„ on accidents in coal mines, 488. 

HABBISOS, J. H., on steam-engine* for rolling-mill*. 352. 

Hauri*' 1 *- w B-. obituary notice of. 410. 
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Hatfield, W. H., on clicmloal relation* of Iron, vanadium and carbon, 231. 

-on solubility of cementite in hardenite, 244. 

H avkrkield, F.. on bloom of Roman iron found at Corslopitutn. 132. 

Hawdob, W.. vote of thanks by. 25. 

Hayden, J. U R.. on electrolytic corrosion, 593. 

Hayward. C. R., on appliances fur metallography, 579. 

Head, B. W., on blast-furnace operations, 496. 

-on open-hearth practice, 534. 

HeaddeN, W. P., on meteorites, 443. 

HrATH, on Indian and Sinhalese iron and steel, 143. 

HEATHER, H. J. S., on winding-engines, 487. 

Hkczko, A., on estimation of sulphur, 610. 

Hkdley, R. R., on coal in Canada, 467. 

Herrs eu, II., on analysis of titaniferuus iron ores, 610. 

HkMPSEL, W., on chemistry of ooko, 470. 

HeNDEB£(>N, H. G., on mine surveying, 491. 

Henby, K. G-, on coal washing, 492. 

Hefplk WHITE, W. H., on mine supports, 485. 

Herbert. K G.— 

Paper on “ The Influence of beat, on hardened tool steels," 358; reference 
to previous investigations, 358 ; object of paper, 359; nature of actions tend¬ 
ing to wear or blunt a cutting tool, 360; method of testing toughness, 361; 
method of ascertaining hardness of specimens, 364; results of breaking 
tests, 365 ; durability-temperature curves, 371; importance of the time factor 
in the hardening of high-speed steel, 373.— Ditciution : L. Archbutt, 378.— 
Camtpandtnet; 8. N. Bratshaw. 379; A. Greiner, 353; T. 0. Hutchinson, 
354. 

HEBD6MAB, W. H., on origin of iron ores ot Swedish Lapland, 390. 

HektnG, C., on consumption of electric energy in electric steel furnaces, 538. 

-on electric furnace construction, 538. 

-on flow of heat through refractory walls, 434. 

-on nomenclature of the oxides of carbon, 613. 

Uehiot. K. M., on shaft sinking in iron ore mines, 443. 

HekkmaS, M., on pressure on rolls of rolling-mills, 530. 

Uerkox, J. H., on heat treatment of steel. 549. 

HetM, on dry air blast, 498. 

Hey 8, K., on corrosion of iron in contact with slag, 5U4. 

-on segregation in steel, 660. 

Huts as. W. Christie, elected member, 3. 

Hlt.L, Cyril Francis, elected member, 3. 

HILL. Henry George, elected member, 3. 

Him., J. K., ou passivity of iron, 595. 

HlLLEBRABD, W. on laboratory equipment, 607. 

HlLl'KKT, S., on arsenides of iron and manganese, 588, 60®. 

_ on ferro-magnetio compounds of manganese, 587. 

HtoUTtl, A., on electric furnaces of special types. 542. 

HirKINS, W. E., obituary notice of, 411. 

HlUSt'HI. on origin of petroleum. 473. 

Hoeffeb. on petroleum in China, 474- 
HOEUB. A 1*. on gas-engines, 483. 

Horen, von. ou earth temperatures in oil regions, 476. 

HOYT, H.. on utilisation of blast-furnace gas, SOU. 

HorrilANN, E. J.. on apparatus for analysts of furnace gases, 612. 
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Holden, J., on use of liqnid fuel, 476. 

HoLLEMDKR, an explosion in collieries, 489. 

Holt, F. von, on utilisation of blast-furnace gas, 500. 

Holt, R. B.. on wear of high-silicon tramway rails, 570. 
UoLznDTTEB, E., on briquetting of iron ore and flue dust, 461. 
Hooper, G. B-, on annealing furnaces, 648. 

HopKINSON, B., on high frequency tests of mutals, 562. 
Horxaday, W. D., on composition of coal. 4»>2. 

Howard, J. K., on tests on bailers, 564. 

-on wear of rails, and rail failures, 571. 

Howe, H X., on metallography and microstroeture, 581. 

-on nomenclature of microscopic constituents, 578. 

Howell, S. M., on artificial crystallisation of carbon, 58a. 
Hotkb, on manganese ore in Spain, 441. 

Heart, Baron U. d', obituary notice of, 411. 

Ht’OHCB, J. 8., on •* burtiing-on" In the foundry, 522. 

HrwllES, Ralph T., elected member, X 

Hutchinson. T. C., on steam-engines for rolling-mill*. 354. 


L 

Tbrotros, E. C., on electric furnaces, 87. 

-on nlectro-magneta for handling material. 551. 

Inostzanzrfp, A. A., on native iron ore, 440. 
Tpatien, W., on origin of petroleum, 473. 
lEAT, Andrew, elected mombor, 3. 


J. 


Jacobs, H. W., on autogenous welding, 552. 
Jacobs, W. a., on composition of petroleum, 473. 

J AO st'H, E., on history of Iron, 609. 

Jambs. G. D., on petroleum in Utah, 475. 

Jenkins, Ivor O, elected member. 3. 

Johanssen, 0,.on casting of stove plates, 523. 

-on cleaning of blast-furnace gases. 532. 

_on history of iroo, 508. 

Johnson. R. G., on shaft-sinking in oullierio*, 484. 
JoasA, M., on Russian charcoal blast furnaces, 503. 


K. 

Kaiser, H., on temperature of formation of titanium dioxide, 590. 
KAVL, A-, on estimation of carbon, SOI. 

Kaybkr, Charles William, elected member, 3. 

Keen, W. H., on comparison of qualities of basic and acid steel, 5«l. 
Kknuick. John Painter, elected member, X 
KkNTNOWSKI, H, on annealing furnaces, 548. 

Kern, on magnesite, 456. 
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Kerb, E. W„ on u« of liquid fuel, 477. 

Kershaw, J. B. C„ on electric smelting of iron ore, 807. 

-on surface combustion experiments, 489. 

Ressner. A., award of Carnegie Scholarship to, 27. 

-biographical notice of, 28. 

KlHFEk, Herman Guy, elected member, 3. 

Kinuelan, V., on iron ore in Cuba, 440. 

Kisder, H., on deposition of carbon in the blast furnace, 496. 

-on estimation of sulphur, 603. 

Kitsoe, Henry Herbert, electee] member, 3. 

K luo li. B. G., on Dwight and Lloyd process of sintering, 481. 
Knox*, J. M., on concentration of iron ore by roasting, 462. 
Kohlmann. on iron ore reserves of Lorraine, 621. 

Kortkn, K, on melting ferro-manganese in the electric furnace, 641. 
Kuugcs, F., on origin of coal, 461. 

KCCZYNSKI, T., on estimation of tungsten, 606. 

Kukuk. on coal in Germany, 463. 

Kuan, H., on sanitation in collieries, 490. 


L. 

Lacroix, on ventilation of collieries, 488. 

Lake, E. F„ on steel castings, 523. 

LAKE, W. H., on electric driving of rolling-mills, 628. 

LAKES, H., on timbering in iron ore mines, 444. 

Lambhkton. A., on steam-engines for rolling-mills, 351. 
Landis, W. S., award of Carnegie Scholarship to, 27. 

-on briquetting of iron ore and Sue dust, 450. 

Lake, H. XL, on foundry cores, 620. 

-on portable cupola for emergency work, 612 

LANGE, E. F„ on crystalline structure of steel. 880. 

LaNGER. M., on utilisation of blast-furnace gas, BOO. 
LasoHBINRICh, E., on blast-furnace operations, 496. 

Lasius, J, on casting of stove plates, 623. 

I.aBskowski, J., an composition of raw metal for tinplate, 689. 
I.avelaye, Baron do, on history of iron, 608. 

Leber, K., on cupola practice. 513. 

_on strength of materials, 569. 

Lb Chathukr, H., on appliances for metallography, 679. 

__on iron and steel of ancient origin, 180, 

_on solubility of oementite in hardenite, 246. 

Lbcoktk, on pyrometry, 458. 

LkfplER, J. A., on electric smelting of iron ore, 507. 

Lkiser, H., on world’* production of tungsten, 637. 

Lbitu, C. K., on iron ore In Brazil, 439. 

Lemaxbk, E-, on .lighting of collieries, 488. 

Lb Mmsurikb, H. W, on petroleum in Newfonndiand, 474. 
Let axe, A., on gases In mines, 488, 

LuraiNCK-RiNGurr, on methods of working coal, 486. 
l.BSTER. 1. E., on Indian iron and otoel of ancient origin, 180. 
Lester, Walter, elected member, 3. 
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Lrvts, M., on blast-furnace reactions, 495. 

-on composition of blast-furnace gases, 499 . 

Levy, L. A., on estimation of carbon monoxide, 612. 

Lewes, V. B.. on chemistry of coke, 470. 

Lewis, J., on history of Iron, 508. 

Lewis, W„ on moulding machines, 521. 

Likbeiok, K., on preservation of iron, 697. 

Lliutq, F., on chemistry of ooke, 470. 

Linuu, G., on dolomite, 458. 

Lindqrkn, J. JL. on estimation of nickel, Hits. 

Lifts, W., on electric furnaces of special type, 542. 

Liston, J., on equipment of iron ore mines, 444 . 

Lohmaxn, D,, on determination of sulphur in petroleum, 612. 

Lomax. J., on microsoopicoi cxaminalion of coal, G12. 

Lokgbotiiam, J., obituary notice of, 412. 

Losumuir, on cupola practice, 513. 

Lonukiouk, M., on explosion in gas-producer plant, 482. 

Lopi'i, K., on tho Schoop method of coating metals, 600. 

Louis, H., on bloom of Roman iron found at Corstopitum, 129. 

-on concentration of iron on*, 448 . 

-rote of thanks by, 29. 

Loxaso. R. S.. on iron ore in Cuba, 440. 

-on occurrence of tungsten ore, 441. 

LUCAS, A. F., <m sulphur oH-lields of the Coastal Plain of the United States, 475. 
U’RXAXS, F. W.. on enrichment of blast with oxygen, 498. 

LUSH, A. H., on coni briquettes, 492. 


M. 

McCUNTUCK, A. E., on foundry patterns and moulding, 519. 
McCormick. B. T., on electric driving of rolling-mills, 52s. 
McCoUKT, 0. D., ou surface combustion experiments, 459. 
M'Cullum, J., obituary notice of, 412. 

M'Dokjiia., A. E. H., on petroleum in Russia, 474. 

MgKvoy, J., on coal in Canada, 467 

M' I, AREN, W. 8 . B., obituary notice of, 412. 

McLeish. J., oo iron and steel production of Canada, 618. 

-on mineral production of Canada, 618. 

Maorudek, \V. T. f on cleaning of castings, 623. 

Main-price, Max Rnyner, elected member, 3. 

Maluoch, G. 8 .. on coal in Canada, 467. 

ManchOT, W-, on analysis of titaniferous ores, 610. 

M aiitki.l, on history of cool-mining, 491. 

Martens. A., on calibration of testing machines, 568. 
Martin, \V„ on properties of vanadium, 5S9. 

Majitos, G., on small ingots, 534. 

Maalino, K., on iron ore in Germany, 431. 

M.vsptRO. on existenoo of ancient iron and steel, 159 , 
Mather, R., on moulding sand, 621. 

Mathksius, on history of iron, 510. 

Matti.VSOS, H., on wear of rails, 572 
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Mat, W. on cupola construction. 512. 

-on foundry cores. 530. 

Meade, M.A.. on preservation of iron and steel, 596. 

M riiUTKNS. J., an briquetting of iron ore, 451. 

MbssebsCHMItt. a., on use of scrap-iron briquettes in the cupola, 513. 

-on volume changes as Bn indication of strength of cast Iron, 556. 

-on volume changes in cast iron during cooling, 555 . 

Meteokr, J. J., Jun., on foundry cores, 520. 

Meinier, S., on meteorites, 442. 

MnraiCE, A., on sampling of cool, 512. 

Meter, on gas-producers, 482. 

Miles, J. B., on dry-air blast, 498. 

Miller, G. W., on origin of ore deposits, 430. 

Mills, F., vote of thanks by, 21. 

Mitchell, George William, elected member, 3. 

Mi.ttek, W. Q.. on temperature of formation of titanium dioxide, 590. 
Moldhxiiachr. on winding-engines, 480. 

Moldesuaceb. on estimation of silica, COS. 

Moos, George 0., elected member. 3. 

MtutoAN. A. F.. on magnetic properties of nickel and iron, 577. 

--on passivity of nickel, 596. 

Morin, on earth pressures in collieries, 481. 

SIoltitain, W. C-, on haulage in collieries, 488. 

Motntsr, C., on gases in mines, 488. 

MCouk, 0., on micrastnieturc of minerals, 582. 

MCller, K., on carbon dioxide recorder*. 461. 

-on special castings, 522. 

MCLLER. E. R. E., on estimation of phosphorus. 602. 

-on estimation of sulphur, 604. 

Mrs do, C. J., an lighting of rolling-mills, 533. 

MI'nkkk. F., on rolling iron and steel, 500. 

Mt T NN, M. on petroleum in I’ennsylvnnia, 475. 

Ml'SKEL, K., on gas-prodtiocrs. 479. 

MVKRS, 0., on electric furnaces of special type, 542. 


N. 

Naeoell, H.. on analysis of gases in ironworks practice, 612. 

NATirraira, H.— 

Paper on “ Improvements In electric furnaces and their application in the 
manufacture of steel,” 51; the induction furnace, 51 ; arc furnaces, 57 ; the 
Nathusins furnace, 59.- Ditcutntm: A. Windsor Richards, 87 ; E. 0. ibbot- 
kd, 87 ; E. H. Saniter, 88 : E. Kilburn Scott, 88 ; C. C. Gow, 90 ; W. Dixon, 
91 ; Arthur Cooper, 92.— Cnrrrtpamitan .- E. Adamson. 92 ; A. Greiner, 93. 
NBC, K- on rolling iron and stool, 550. 

Nicoc, F.. on electric smelting of iron ore, 507. 

SlEDT, II., on composition of blast-furnace gases, 490. 

M 18 IIIO, JL, on history of coal-mining. 491. 

-on history of iron. 510. 

_on history of metoi mining, 446. 

_on mineral statistics of Japan. 626. 
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Nou.*, H. de, on case-hardening, 545. 

-on estimat ion of carbon. 601. 

Nohdrsfret, Captain AJte Hjalmar, elected member. 3 . 
Nowicki, IL, on gases in mines, 468. 

NrSKAUMEB, E., award of Carnegie Scholarship to, 27. 
-biographical notice of, 28. 


o. 

Oatman, F. W., on storage of petrolonm. 477 . 

Okrop, M.. on Btruoture of micro-constitneuts of steel, 683. 
Ol-esox, Irar, elected member, 3. 

OrdoRee, General Salvador Dior, obituary notice of, 414. 
OnoAN, J. H, on expansion of firebricks, 455 . 

Onni ann, Kndolph, elected member, 3. 

Osass, B., on blast-furnace reactions, 495 . 

-on imperfect castings, 622. 

Osmohd, Floris, obituary notice of, 415. 

-remarks by, on existence of ancient iron and steel 159 

Ortwald, H., on forging, 551. 

Ottb, on haulage in collieries, 487. 

OuTKluiRtDOE. A. K., Jun., on foundry cores, 520. 

Ovitx, F. K., on storage and heating of coal. 489. 

Owkxs, J. 8 ., on measurement of density of smoke, 4 G 1 . 


P. 


Pa rh ft, on haulage in collieriee, 487. 

PAKKX, on coal in Austria, 463. 

PAsnu, J. B-, on fatigue of welded joints, 503. 

Parker, K. W„ on production of coke in the United State*, 630. 
Parkkr, Janies Heber, elected member, 3. 

Parr, S. W., on estimation of niakcl, 605. 

-on sampling of coal, 612. 

Pasooe, E. H., on coal in India, 465. 

Pas&ok, H., on slag cement, 511. 

Patos, James, elected member, 4. 

Pattissox, John, obituary notice of. 417. 

Patrckopp, N., on estimation of carbon in ferro-chromium, 606. 
Paul, F. W„ on Australian iron industry. 5uti. 

I’AUE, J., on winding npplhuioes, 487. 

PAULY, K. A., on winding.engines, 487. 

Peat. W. B.. speech at dinner hy, 401. 

Petters, C., on turning steel ingots to remove surface flaws, ssi, 
PlCLLIseiKjt, G. K., on corrugation of rails, 573. 

-on thermit-welding, 553. 

Palter, P. C., on peat-gas producers, 483. 

Pehis. C. P., on ironworks in India. 504. 

Pekkix'S, F. C., on cool-cutting machinery, 486. 

--on electric production of steel, 540. 
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PERKINS, F. C., on oil-fired oonTcner* for foundries, 518. 

Pkrlewttx. K., on an electric testing machine, 588. 

Pkuuknet, L., on manufacture af artificial asphalt, 477. 

Pittrjk, W. M., on ancient metallurgy of iron and Keel in Egypt. 182. 
Pettigrew, John, elected member, 4. 

Philippi, W., on winding-engines. 487. 

Philips, M„ on reheating furnaces, 548. 

Pickard, J. A., award of Carnegie Scholarship to, 27. 

-biographical notice of. 28. 

PlLKIKGTOR. H., on corrosion of wroogbt iron, 592. 

Pi&ie, W.. on mine surveying. 491. 

PLETOCH, Louis, elected member, 4. 

PoLSTUR, on coal briquettes, 493. 

Pofflkwkll, W. C., on tests on reinforced concrete, 565. 

PoutK it, U. C„ on storage and heating of coal, 489. 

Porter, J. J., on calculation of turaaoc charges, 496. 

-on influence of composition and structure un strength of cast iron. 556. 

PoRTBVIK. A., on critical points in chromium steel. 584. 

Potbtisg, J. H., on changes in dimensions of Keel wire when twisted, 667. 
Priwozsik, K., on occurrence and uses of manganese ore, 441. 

Prrpic, Julian, elected member, 4. 

-on power requirements of rolling-mills, 528. 

-on pressure on rolls of rolling-mills, 530. 


R. 

Raki sin, M. A., on composition of petroleum, 473. 

Rateau, A., on blowing-engines, 497. 

Read, A. A.— 

Paper on *' The chemical and mechanical relations of iron, vanadium 
and carlton." See Arnold, J. O. 

Read, T. T., on coal in China, 465. 

-on iron are in China, 432. 

Rkagax, A. B., on coal in New Mexico, 469. 

RKAT, T. P„ obituary notice of, 417. 

RKDMAYXE, R. A. S., on sanitation in collieries, 491. 

Rkicuard, C.. on estimation of phosphorus, 602. 

-on estimation of silicon, 60S. 

Regi a. If. L., on petroleum in California. 475. 

Rusal, J„ on intlnencc of rate uf shook, 568. 

Rhead, E. L., on segregation in casting*, 568. 

IlHODIR, J. C. A., on heat value of fuel, 459. 

Rick, B. F., an grading iren ore. 446. 

Riciiards, A. Windsor, on eiectrio furnaces, 87. 

RlCHAUDS, J. W., on Schumacher briquetting process, 450.’ 

Riciiaume, E.. on oil-fired open-hearth furnaces for steel foundries, 516. 

Rids dale, C. 1L. on the investigation of fractures, 887. 

_on mechanical methods of analysis, 606. 

_on welding up of blowholes in steel Ingots, 116. 

RlDSDALR, N. D., on mechanical methods of analysis, 606. 

Rikke, H-, on calorimetry, 458. 
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Riktkottkb, G., on recovery of iron from foundry waste, 813. 

Robertson, J. M., speech at dinner by, 395. 

Robertson, T. D., od electric furnaces of special types, Ml. 

-on electric smelting of iron ore, 607. 

Robkrtson, W. K., on mineral statistics of British Colomhia, (118. 

Robertson, Walter Henry Antonio, elected member, 4. 

Rouen Hauser, W„ on electric production of steel, 639. 

Rogers, F., on chemical relations of iron, vanadium, and carbon, 227, 232. 

-Paper on " The investigation of fractures." 379; methods of’ obtaining 

cross-section through the fracture, 379; author's method of printing from 
a fracture, 380 ; Appendix, Details of preparation and use of the tissue, 385. 
—Disunion: W. Rosenhain, 387.— Vorrrrpoiulrnrr : C. H. Ridadale, 3*7 ; 
J. E. Stead, 388. 

Roni. and, P.. on corrosion of iron in concrete, 596. 

Rosrn BUSCH, Gilbert, elected member, 4. 

Rosenhain. W., on chemical relations of iron, vanadium, and carbon, 228. 

-on a fourth recaleacence point, 594. 

-on the investigation of fractures, 387. 

-on mlcrostnioture of steel. 581. 

-on solubhity of cementitc in hardenite, 240. 

Russ, A. D., on magnetic properties of special steels, 575. 

Roush, G. A., on mlcrostructure of carbon, 582. 

Rcit, O., on fusibility and volatilisation of refractory materials, 4M. 

-on heal formation of iron carbide, 586. 

-on properties of vanadium, 589. 

Rule, K. G., on petroleum in Argentina, 47*1. 


s. 

Sanchez, J. A., on separation of iron and manganese, 608. 

Banders, J., on iron ore in Arizona, 437. 

Sanders, J. M.. on determination of sulphur in petroleums, 612. 

SANG, A., on galvanising iron and steel, 597, 599. 

Sanitkr, E. H., on chemical and mechanical relations of iron, vanadium and 
carbon, 227. 

-on tho Nathusius electric furnace, 88. 

Sacveuk, A., on appliances for metallography, 579. 

-on metallography and microstructure, 582. 

Schaerer, 0. T., on foundry patterns and moulding, 518. 

Schafer, D., on sampling of ores, 607. 

ScHKNCK, K-, on tho iron-carbon system, 585. 

Schindler, E.. on application of producer-gas to boiler firing, 483. 

Schmitz. J., on mechanical cooling beds, 533. 

SchRodteh, K.. speech at dinner by, 398. 

SCHBOEDTRB. F., on molting ferro-manganese in the electric furnace 510 
Schwarz, C. de. obituary notice of, 418. 

Schwarze. B., on wear of tires, 572. 

Scott. A. P.. on coke-oven gas for heating open-hearth furnaces, 470 
SCOTT. K. K.. on electric furnaces, 88. ’ 

_on steel for permanent magnets. 578. 











NAME INDEX. 


685 


Scott, Harry Charles, elected member, 4. 

Scott, K. G., vote of thanks by. 29. 

8KLWTX Buowx, A*, on distribution of iron ore, 430. 

Sbth, H. It., on use of liquid fuel, 477. 

SnroBl, A., an testing machine*, 569. 

SHACK lktox, K., on use of liquid fuel, 477. 

Shaw, E. W., on coal in Pennsylvania, 469. 

Shaw. w. B., on coal-cutting machinery, 4s6. 

SUBRBtCK, J. L., on coke manufacture, 471. 

SHOOK, G. a., on pyrometry, 459. 

SHOVJHt, 11. R, on electric driving of rolling-mills, 527. 

Siehbu, K.. on corrugation of rails, 573. 

Sibulehscumidt, H., on modulus of elasticity and thermal expansion of metals, 
567. 

St everts, A., on solubility of hydrogen In copper, iron, and nickel, 588. 

81 LBeuukru. L., on steel belts for power transmission, 554. 

Srai, J., on origin of coal, 461. 

Simeon, 0. J.. on foundry casts, 525. 

Simmeksijach, B., on lrun trade statistics of Russia. 627. 

Simmekshacii, O., on coke-oven gas for beating open-hearth furnaces, 472. 
-on mixers, 497. 

SLA WICK, I'., on estimation of manganese. 609. 

Smart, Bertram James, elected member, 4. 

Surra. 0. A. M., on testing machines, 569. 

SMITH, C. I)., on gas-producers, 482. 

Smith, E. K., on coal in Washington, 469. 

Smith, E. W., on autogenous welding. 553. 

Smith, G. M., on hot-blait stores, 497. 

SMITH, James Cruickshank, elected member, 4. 

Smith, J. J., on electric smelting of iron ore, 507. 

Smith, J. Kent, on influence of vanadium on cast iron, 557. 

SMITH. 8. W. J., on the iron-carbon system, 685. 

Smith, V., on Indian iron ami steel of ancient origin, 183. 

Smith, W. D., on cool in tbe Philippines, 465. 

-- on iron ore in the Philippines, 433. 

Smith, A., on the iron-carbon system, 585. 

Sxriitu, Robert J., elected member, 4. 

SOMKRS, 8. S , appointed scrutineer, 1. 

SoPER, E. K., on origin of ore deposits, 430. 

Souther, H.. on alloys in construction of automobiles, 687. 

SPULLER, F. N., on corrosion of soft steel tubas, 593. 

SPITZES, F., on preservation of iron, 597. 

SPRISOKR. J. F., on autogenous welding, 552. 

_on manufacture of tubing, 650. 

STACH, K., on blast furnace gas moters, 501. 

Stasichitch, on estimation of manganese. 605. 

Staktox. T. E., on fatigue of welded joints, 563. 

STATHAM, I. C. F., on coal-dust experiments, 489. 

Stead, J. E„ analyses of bloom of iron by, 127. 

_ on bloom of Roman iron found at Corstopitum, 133. 

__ on chemical relations of iron, vanadium, and carbon, 230. 

_on the investigation of fractures, 388. 
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Stead. J. E., oo metallography and mierostructure, 581. 

-on solubility of cementite in hardenite, 240. 

- Paper on “ Thn welding up of blowholes and cavities in steel ingots,” 

104 ; hoaevcombcil crucible steel ingots, 104; blowholes with oxidised 
walls. 107; conclusions. 111. — £>ie-union J. O. Arnold, 114; W. J. 
Foster, 114 .—Oorrtapondenet : C. 11. Kidsdale, 116. 

Stedman, H. 0. A., on electric production of sled, 538. 
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